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INTRODUCTION 

During  tlie  past  year  tlie  quota  restriction  on  sugar  and  tlie 
self-imposed  quota  on  pineapples  liave  served  to  limit  expan- 
sion of  these  crops  and  to  enqjhasize  the  need  of  otlier  crops  and 
agricultural  enterprises  in  order  to  promote  greater  economic 
stability  in  Hawaii.  Constantly  increasing  acreage  yields  of 
these  two  major  crops  have  tended  to  release  areas  of  arable 
land.  Diversification  of  agriculture  offers  a  means  of  utilizing 
such  areas  and  adding  to  the  total  income  of  the  Territory  as 
well  as  of  bi'oadening  the  scope  of  opportunity  for  its  citizenry. 

Steady  gains  have  been  made  in  recent  years  by  local  pro- 
ducers in  supplying  Hawaii's  needs  in  truck  crops,  poultry, 
dairy,  and  beef  products.  The  promising  possiliilities  that  have 
been  developed  for  macadamia  nuts  and  winter  potatoes  on  the 
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mainland  markets  oft'er  enconragement  for  the  belief  that  other 
products  such  as  taro,  papayas,  tonuitoes,  passion  fruit,  and 
asparagus  will  be  added  to  Hawaii's  mainland  shipments. 

Small  farming  in  Hawaii  is  confronted  Avith  numerous  ob- 
stacles. Its  products  in  the  local  iiiarkets  enter  into  direct 
competition  Avith  carefully  graded  and  packed  products  from 
the  inainland.  It  has  no  practical  ineans  of  diverting  crop  sur- 
2)luses  to  other  localities,  which  results  in  fluctuating  ^Ji'ices 
and  uncertain  markets.  Some  of  the  croj^s  which  have  formed 
the  basis  for  diversified  farming  in  the  past  are  rapidly  declin- 
ing in  acreage,  and  outside  comj^etition  threatens  the  existence 
of  those  long  established  small  farming  areas  based  on  coifee 
and  rice.  There  is  a  pressing  need  for  scientiffc  study  of  the 
factors  of  production,  disease  control,  marketing  of  these 
ci'ops,  together  with  the  development  of  new  crops  which  have 
exjjort  possibilities  to  supplant  or  supplement  them.  The  two 
private  research  stations  established  to  furnish  a  sound  scien- 
tific basis  for  the  development  of  sugar  cane  and  pineapi^le 
have  given  ample  evidence  that  new  ventures  must  receive  a 
subsidy  of  scientific  sujDport.  It  therefore  devolves  upon  the 
Hawaii  Agricultui'al  Experiment  Station  to  aid  the  small 
farmer  and  plantation  alike  in  the  field  of  diversified  farming 
and  development  of  new  agricultural  industries. 

Hawaii,  together  Avith  Puerto  Rico,  occupies  a  unique  posi- 
tion in  the  agriculture  of  the  nation  as  the  two  comprise  its 
major  tropical  areas.  Production  of  those  croj)S  Avhich  supple- 
ment i-ather  than  compete  Avith  mainland  production  consti- 
tutes an  opportunity  for  futni-e  development  in  the  field  of 
diA'ersified  agriculture  in  HaAvaii.  To  this  end  the  woi'k  of  the 
Station  is  stressing  dcA-elopment  of  tropical  crojDS,  and  the 
supplying  of  mainland  markets  Avith  Avinter  groAvn  pi'oduce. 
Study  of  tropical  phases  of  scientific  iuA-estigations,  national 
in  their  scope,  comjirise  another  field  of  special  value  in  the 
Station's  program  of  Avork. 

l"he  importance  of  the  Territory  in  the  plan  of  military 
defense  gives  a  national  aspect  to  such  problems  as  local  pro- 
duction of  food,  rodent  control  Avith  respect  to  health  and  crop 
production,  and  utilization  of  local  foods  in  the  diet.  To  this 
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end  direct  cooperation  with  various  agencies  of  tlie  Federal 
(jrovernment  lias  been  established. 

The  assignment  to  the  Hawaii  Station  of  ^41<).(HM)  from  tlie 
Sugar  Processing  Tax  Funds  has  made  it  possible  for  tlie  Sta- 
tion to  extend  its  activities  througliout  the  entire  Territory, 
and  to  inaugurate  woi'k  in  the  held  of  animal  parasitology, 
marketing,  plant  i)at]iologv,  and  veterinary  science. 

FISCA L  ST ATEMEN T 

Table  1  gives  the  itemized  statement  of  tlie  Station's  appro- 
priation for  the  fiscal  year  beginning  July  1,  193;-).  The  total 
of  $100,957. 7S  of  the  regular  Station  funds  represents  an  in- 
crease of  $7,891.78  over  last  year's  appropriation.  This  increase 
is  made  up  largely  by  the  Bankliead-Jones  approjiriation  and 
additional  Territorial  funds. 

Pursuant  to  Section  15  of  the  Agricultural  Adjustment  Act, 
approved  May  1:^,  1933.  (48  Stat.  31)  as  amended  by  tlie  act 
approved  May  9,  1!)34,  (48  Stat.  (i70)  the  President,  by  Procla- 
mation No.  2091  as  amended  by  Proclamation  No.  :^1()0  and  l)y 
Proclamation  No.  2127.  decreed  that  a  certain  amount  of  tlie 
processing  taxes  collected  on  Hawaiian  sugar  should  be  held 
as  a  separate  fund  to  l)e  used  and  expended  for  the  benefit  of 
agriculture  in  the  Territory  of  Hawaii,  as  tlie  Secretary  of 
Agriculture,  with  the  a|)proval  of  the  President,  should  direct. 
In  behalf  of  the  Territory  of  Hawaii,  the  Hawaii  Agricultural 
Advisory  Conimittee,  consisting  of  the  Governor  of  the  Is- 
lands, a  representative  of  the  sugar  industry,  the  President 
of  the  University  of  Hawaii  and  the  local  representative  of 
the  Agricultural  Atljustment  Administration,  Department  of 
Agriculture,  considered  means  of  devoting  this  fund  to  the 
interest  of  a  more  efficient  utilization  of  land  in  the  Territory. 
The  Committee  recommended,  and  the  President  and  Secretary 
approved,  the  allotment  of  $410,000  of  this  fund  to  the  Hawaii 
Agricultural  Experiment  Station  for  the  following  projects: 
Tare  Investigations.  Liver  Fluke  Eradication,  Rat  Abatement 
Cami)aign.  De\  elo])ment  of  Truck  Farming  and  Improvement 
of  Marketing  Facilities  for  Farm  Products,  Development  of 
Livestock  Feed,  Development  of  Tropical  Fruits  and  Xiits,  and 
Promotion  of  the  ]'*oultrv  Industry.   After  January  (i,  193(>, 
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when  the  decision  of  the  Supreme  Court  invalidated  the  Agri- 
cultural Adjustment  Act  with  respect  to  the  collection  and  use 
of  processing  taxes,  the  unexpended  balances  of  the  funds 
allotted  to  these  projects  were  made  available  in  the  Supple- 
mental Approjiriation  Act,  fiscal  year  1936  (49  Stat.  1116). 
The  allotments  were  originally  set  up  for  one  year's  activity 
but  are  now  being  spread  over  a  period  of  approximately  15  to 
20  months  and  will  terminate  during  the  spring  and  summer 
of  1937. 

Table  1. — Disbursements  for  the  fiscal  year  beginning  July  1,  1935. 

Amount 

Regular  Funds  Disbursed 

Territory  of  Hawaii   $  36,595.18 

Congress — through  University  of  Hawaii 

Hatch  Act    15,000.00 

Adams  Act    15,000.00 

Bankhead- Jones  Act    2,296.60 

U.  S.  Department  of  Agriculture 

For   support   of   Pensacola  Street 

Station   $  32,066.00 

TOTAL    $100,957.78 

'Sugar  Processing  Tax  Funds 
Tax  Fund 

Order  No.  Appropriation 

4  Taro  Investigations..?  50,000.00  25,959.00 

5  Liver   Fluke  Eradi- 

cation  40,000.00  12,956.08 

6  Rat  Abatement  Cam- 

paign   110,000.00  32,298.56 

7  Truck  Farming  and 

Marketing    60,000.00  16,830.59 

8  Development  of  Live- 

stock Feeds    70,000.00  10,582.17 

9  Development  of  Tro- 

pical Fruits  and 

Nuts    50,000.00  10,385.34 

10  Promotion  of  Poul- 
try Industry    30,000.00  5,388.13 

TOTALS  $410,000.00  $114,399.87 

GRAND  TOTAL  $215,357.65 

iln  addition  to  numbers  4  to  10,  Tax  Fund  Order  Nos.  1  and  2  with  an  appro- 
priation of  $15,000.  later  augrmented  by  an  additional  5.15,000  (49  Stat.  1116)  for 
a  soil  survey  of  the  Territory  are  being-  administered  by  the  U.  S.  Bureau  of 
Chemistry  and  Soils;  Tax  Fund  Order  No.  3  with  an  appropriation  of  $80,000  for 
fruit  fly  control  is  being  administered  by  the  TJ.  S.  Bureau  of  Entomology  and 
Plant  Quarantine. 
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xp:w  activities 

With  gieater  Hnuucial  supj)ort  ajid  increased  personnel,  it 
has  been  p()ssil)le  for  this  Station  to  start  a  nniuher  of  new 
activities  thiring  the  year. 

Plant  Pathology 

After  a  hipse  of  sixteen  years  a  departuieiit  of  phmt  path- 
ology has  been  reestablished.  Tins  department  is  under  the 
leadership  of  (i.  K.  I'arris.  During  the  year  investigations 
have  been  largely  concerned  with  taro  diseases  as  a  part  of  the 
Sugar  Tax  Fund  taro  project.  In  addition,  it  has  been  possible 
to  make  surveys  of  the  chief  diseases  of  a  numl)er  of  truck 
crops  on  tlie  islands  of  Oaliu  and  Kauai. 

HORTICULTl'RE 

During  the  year  a  new  head  of  the  horticultural  depart- 
ment was  obtained  in  J.  H.  Beaumont  following  the  resigna- 
tion of  Willis  T.  Pope.  Under  Dr.  Beaumont's  leadership,  in- 
vestigations are  l)eing  continued  on  the  most  promising  horti- 
cultural crops  with  additional  emphasis  placed  on  plant  selec- 
tion, purposeful  genetic  breeding,  and  physiological  studies  on 
dornumcv  and  reproduction.  Most  of  the  truck  crop  work  of 
the  Station  is  likewise  a  part  of  this  Division. 

It  has  been  possible  to  expand  greatly  the  scope  in  both 
horticulture  and  truck  crops  with  Sugar  Processing  Tax  Funds 
assigned  to  these  two  projects.  This  expansion  has  taken  form 
in  a  number  of  large  scale  trials  and  cooperative  tests  in  the 
various  islands. 

Truck  Croi'  Marketing 

The  infcriorily  of  Hawaiian-grown  truck  ciojis  as  they 
appear  on  the  markets  as  compared  witli  the  carefully  graded 
and  packed  imported  2)roducts  has  em])hasized  the  desirabilit}- 
of  adopting  mainland  methods.  As  a  pai't  of  the  Sugar  Tax 
Fund  truck  crop  j)i()ject,  H.  H.  Warner,  now  Director  of  the 
Agricultural  Extension  Service  of  the  University  of  Hawaii, 
was  secured  to  study  the  local  marketing  situation  and  outline 
tlie  plans  for  demonstrations  of  grading  and  packing.  These 
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]iave  been  made  possible  throng]!  tlie  Tax  Funds.  Ross  H.  Gast 
was  employed  to  direct  the  liroject.  H.  B.  Cady  was  later  ap- 
pointed following  the  resignation  of  Mr.  Gast,  ayIio  now  heads 
the  newly  established  Marketing  Service  of  the  Inter-Island 
Steam  Navigation  Company.  Mr.  Cady  and  Mr.  Gast  have  had 
many  years  experience  in  similar  marketing  Avork  with  Cali- 
fornia truck  crops. 

Parasitology 

The  tropics  Avith  tlieir  3'ear-round  temperate  climate  pro- 
vide optimum  conditions  for  the  growth  and  sjjread  of  animal 
parasites.  Such  parasites  are  knoAvn  to  be  causing  considerable 
losses  in  cattle  and  poultry  in  the  Tei'ritory.  Sugar  Processing 
Tax  Funds  haA^e  made  possible  the  setting  up  of  a  parasitology 
laboratory  for  Avork  on  the  liver  fluke  and  parasites  of  poultry. 
J.  E.  Alicata  and  L.  E.  SAA^anson  Avere  secured  from  the  l^ureau 
of  Animal  Industry,  U.  S.  Department  of  Agriculture,  to  head 
the  projects.  Tlie  Avork  to  date  has  been  so  fruitful  of  results 
of  immediate  and  ^Jractical  importance  to  the  poultry  industry 
that  there  is  ample  justification  for  continuation. 

Rodent  Control 

The  Sugar  Tax  Project  is  being  administei'ed  by  the  HaAvaii 
Experiment  Station  Avith  helpful  cooperation  by  the  Board  of 
Health,  the  HaAvaiian  Sugar  Planters'  Association,  and  the 
U.  S.  Bureau  of  Biological  Survey.  It  was  jointly  agreed  that 
the  experimental  phases  of  the  project  should  be  stressed.  A 
laboratory  was  accordingly  set  up  and  equipped  to  make 
studies  of  life  histories,  lethal  doses  of  various  poisons,  attrac- 
tive baits,  and  an  etfectiA-e  method  of  rodent  control  Avitli  A'a- 
rious  crops  under  field  conditions. 

C.  E.  Pemberton  of  the  HaAvaiian  Sugar  Planters'  Associa- 
tion took  charge  until  his  other  duties  became  too  pressing, 
whereupon  rep  resent  atiA^es  of  the  U.  S.  Bureau  of  Biological 
Survey  assumed  leadership.  Eli'ective  July  1,  1936,  H.  G. 
Hansen  Avas  assigned  by  the  Biological  Survey  as  a  representa- 
tive of  that  organization  and  the  expectation  is  that  a  unit  will 
be  maintained  here  for  seA^eral  years  or  permanently. 


An)ni((l  He  port  Ifl-K! 
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Anim'al  Nutrition 

Ijittle  is  known  of  feeds  normolly  pTOAvn  in  tlie  troi)ics  and 
snl)-tr()[)ics  and  tlieir  utilization  in  tlie  animal  body.  Tlie  Suiiar 
Tax  Fund  livestock  feed  project  wisely  antliorized  investiga- 
tions in  this  field  with  (^special  reference  to  the  utilization  and 
digestibility  by  actual  animal  trials  of  the  common  feeds.  A 
well-planned  building  was  erected  for  these  investigations  on 
the  Univei'sity  Farm  and  animal  tests  started  toward  the  end 
of  tlie  year.  S.  H.  "Work,  v,dio  pi-e\iously  conducted  such  in- 
A'estigations  at  Cornell  Fni\ersity,  is  in  charge. 

Food  Processing 

As  a  part  of  the  Sugar  Processing  Tax  Fund  taro  project, 
a  laboratory  was  equipped  with  machinery  of  semi-conmiercial 
size  to  develop  methods  of  processing  taro  into  food  i)roducts. 
A  continuation  of  this  lalKn'atory  with  additional  e(iuii)nient 
to  adapt  it  to  the  study  of  the  processing  of  a  variety  of  food 
products  constitutes  an  important  pai't  of  the  Station's  general 
program  of  developing  mainland  mai'kets  for  Hawaiian-grown 
products.  The  present  quarantine  regulations  and  the  perish- 
able nature  of  many  tropical  fresh  pi-oducts  emphasize  the 
necessity  of  shipping,  wherever  ])ossible,  in  a  preserved,  frozen, 
or  dried  form.  The  work  is,  at  present,  being  entirely  sup- 
ported by  Sugar  Tax  Funds.  John  FI.  Payne  and  Gaston  J. 
Ley  are  in  charge  of  the  ])roject. 

NEEDS  OF  THE  STATION 

The  splendid  progress  which  has  been  made  by  the  various 
new  Ijranches  of  work  financed  by  the  Sugar  Processing  Tax 
Funds  gives  ample  evidence  of  their  value  to  the  Station's 
activities.  JNIost  scientific  iiiA'estigations  are  suti'iciently  com- 
plex to  require  a  varied  attack  Ity  scAcral  specialized  depart- 
ments. An  agricultural  experiment  station's  work  is  badly 
crippled  without  adecjuate  treatment  of  i>arasitological.  patho- 
logical, and  entomological  phases.  Scientific  investigations 
relating  to  new  agricultural  industries  for  the  Territory  should 
also  be  accompanied  by  adequate  study  of  the  economic  and 
marketing  phases. 
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Tlie  needs  of  the  Station,  therefore,  inchide  the  continua- 
tion of  the  newly  created  departments  with  the  further  addi- 
tion of  departments  of  entomology  and  agricultural  economics. 
Several  departments  are  now  lioused  in  temporary  makeshift 
quarters.  A  building  program  to  transfer  these  scattered  activ- 
ities to  the  University  campus  is  desirable.  Provision  for  the 
development  of  the  recently  acquired  Poamoho  Farm  on  Oahu 
as  Avell  as  the  substations  on  Maui  and  Hawaii  is  necessary  if 
the  Station's  work  is  to  be  made  territory-wide  in  its  scope. 

SUMMAEY  OF  PEOGRESS 
The  addition  of  several  new  dej)artments  and  augmentation 
of  the  work  already  established  have  given  a  decided  stimulus 
to  the  Station's  activities.  A  more  varied  approach  and  greater 
facilities  for  field  work  have  markedly  increased  the  elfective- 
ness  and  scope  of  the  research  work.  This  summary  of  progress 
is  supplemented  with  more  detailed  reports  of  departments 
beginning  on  page  18. 

Taro  Investigations.  Taro  {Colocasia  esculenta).,  once  an 
important  food  ciop  iu  Hawaii,  has  dwindled  in  the  past  two 
decades  to  a  small  fraction  of  its  former  acreage.  The  work  of 
the  Taro  Processing  Division  gives  much  encouragement  to  the 
idea  that  a  variety  of  dried  taro  products  can  be  economically 
prepared  which  are  pleasing  in  appearance  and  flavor.  With 
a  mainland  market  for  such  products  the  taro  would  become 
of  importance  not  only  as  a  lowland  submerged  crop  but  as  an 
upland  crop,  capable  of  being  grown  in  cool  moist  sections  and 
other  areas  not  adapted  to  sugar  cane  and  j)ineapples.  Disease 
in  the  lowland  taro,  grown  submerged,  is  serious,  often  causing 
losses  of  40  to  50  per  cent  of  the  ci"op.  Pathological  investiga- 
tions are  providing  basic  data  on  the  causal  organisms  and 
their  control.  The  Nutritio]i  Department  of  the  Station,  the 
Queen's  Hosi^ital  and  Ewa  Health  Center  ai'e  working  on  the 
nutritional  value  of  taro  and  its  products  and  Avays  of  increas- 
ing its  use  in  the  local  dietary.  An  unwieldy  number  of  more 
than  140  so-called  taro  varieties  have  now  been  tentatively 
classified  into  about  20  groups. 

Truck  Crops.  Genetical  and  breeding  projects  are  progress- 
ing with  the  sweet  potato,  lettuce,  and  tomato.  Pathological 
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surveys  have  been  he<;uu  to  identify  and  map  tlie  extent  of  dis- 
eases of  certain  truck  crops.  PL\tensive  variety  trials  have  been 
instituted  in  tive  of  the  princi])al  veiietable  gro\\in,<>'  districts. 
Fertilizer  experiments  are  under  way  which  embrace  the  most 
important  truck  crops  and  local  soil  types.  Fundiunental  inves- 
tigations dealing  with  the  physiological  eti'ect  of  climate  and 
fertilization  have  been  set  uj)  as  regular  Station  projects. 

A  number  of  pi'omising  possibilities  have  come  to  light. 
An  unusually  desiral)k  sweet  corn  from  Puerto  Rico  appears 
well  ada))ted  to  Hawaiian  conditions  and  is  resistant  to  mosaic 
disease.  The  winter  potato  crop  sold  at  premium  pi  ices  on 
the  mainland  during  the  past  year  gives  encouragement  to  the 
belief  that  other  truck  crops  niay  be  added  to  the  otf  season 
ti'ade. 

Demonstrations  of  the  methods  of  grading  of  truck  croi)S 
by  U.  8.  standards  and  the  use  of  stamhird  shipjnng  containers 
have  aroused  the  interest  of  both  grower  and  wholesaler. 
Tomatoes  grown  on  ^Nlaui,  when  craded  and  packed  by  recom- 
mended methods,  sold  at  parity  ])rices  with  the  imported  arti- 
cle. These  demonstrations  are  being  extended  to  other  crops 
and  to  the  other  islands.  A  general  truck  crop  survey  of  all 
the  islands  was  completed  and  is  being  kept  up  to  date  by  a 
monthly  census.  It  is  expected  that  this  will  serve  as  a  guide 
to  the  grower  in  determining  his  planting  schedule  and  assist 
in  stabilizing  prices. 

Fniits  and  Nuts.  The  recently  established  air  express  from 
the  mainland  and  the  Orient  now  make  it  possible  to  bring  in 
new  introductions  of  fruits  and  nuts  in  the  form  of  scions  and 
rooted  plants.  Importations  of  improved  varieties  of  litchi, 
mangosteen,  mango,  and  citrus  have  already  l)egun.  Intensive 
study  of  the  physiological  phases  of  growth,  flowering,  and 
fruiting,  and  of  the  genetic  nature  of  these  fruits  has  been 
inaugurated  to  sei've  as  a  basis  for  future  selection  and  breed- 
ing work. 

Papaya  investigations  are  being  given  special  emphasis  due 
to  the  obvious  need  of  improvement  and  standardization  of 
quality  and  to  the  possibilities  for  shii)ment  in  some  processed 
form.  The  methods  of  preparation  of  dried,  quick  frozen,  and 
canned  i)apaya,  diced  and  pulped,  alone  and  blended,  are  l)eing 
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iiiA'estigated.  Projects  on  ijiiproAenient  of  the  litclii,  lungan, 
passion  fruit,  and  Eugenia  have  also  been  initiated. 

Tlie  niacadaniia  nut  industry  in  Hawaii  has  thus  far  been 
built  upon  seedling  trees.  This  has  resulted  in  a  great  variation 
in  tree  type,  yielding  cax^acity,  and  nut  characters.  The  future 
of  the  industry  would  seem  to  be  dependent  on  eliminating  or 
toj)working  the  midesirable  trees  of  the  grove.  Top  working- 
experiments  on  ten-year-old  trees  of  the  inferior  ''rough  shell" 
variety  with  '"smooth  shell"  scions  in  the  Kona  District  of 
Hawaii  have  been  started  and  appear  successful.  Records  of 
yield,  nut  quality,  and  tree  characteristics  of  a  large  number 
of  seedlings  provide  the  basis  for  selection  of  scion  wood.  The 
needs  of  the  industry'  iiave  been  further  served  by  investiga- 
tions of  the  effect  of  various  jihases  of  the  curing  process  of  the 
harvested  nuts. 

Continued  low  prices  of  coffee  are  emphasizing  the  need  of 
reducing  production  costs.  Experimental  work  on  fertilizers, 
pruning,  and  dieback  are  3'ielding  practical  results.  The  new 
fertilizer  formulas  based  on  the  Station's  experiments  having 
a  high  potash  and  a  loAv  j)hosphorus  content  are  now  in  com- 
mon usage. 

Foods  and  Nutrition.  The  Foods  and  Nutritioii  Division  is 
rendering  a  signal  service  to  the  Territory  and  to  tlie  general 
field  of  nutrition  in  its  studies  of  troj^ical  foods  and  the  dietary 
of  trojDical  countries.  Such  studies  include  chemical  analyses 
and  biological  experiments  on  the  common  and  rarer  species  of 
fruits,  vegetables,  and  sea  foods.  Each  of  the  racial  groups 
which  make  up  the  population  of  Hawaii  has  characteristics 
in  its  diet  which  relate  to  that  of  its  mother  country.  The 
formulation  of  balanced  diets  from  Hawaiian  grown  foods 
which  ai"e  acceptable  to  the  tastes  of  these  varied  grouj^s  has 
comprised  an  important  part  of  the  work  of  the  Nutrition 
Division.  Investigations  during  the  past  year  have  shown  the 
papaya  to  compare  favorably  with  oranges  in  sugars,  calcium, 
ash,  and  vitamins  A  and  C.  The  taro  contains  calcium  in  a 
form  well  utilized  by  the  animal  body.  The  Japanese  custom 
of  pickling  vegetables  with  such  accessory  materials  as  rice 
water,  sake,  miso,  and  rice  braii  results  in  a  marked  transfer 
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of  vitamin  B  to  the  pickled  vegetable.  The  opilii,  a  widely 
distributed  HaAvaiian  sliellfisli,  is  a  highly  valuable  food  and 
the  equivalent  of  cod  liver  oil  m  vitamins  A  and  D. 

Foruija  Crops.  Much  of  the  opportimity  for  [)r()gress  in 
beef,  dairy,  and  swine  production  is  dependent  upon  further 
development  of  forage  crops  in  Hawaii.  Seed  importations 
from  many  parts  of  the  w'orld  are  being  tested  at  the  central 
station  ni  Honolulu,  the  various  iipland  station  plots  on  Maui, 
and  in  cooperation  with  various  ranches.  Special  emphasis  is 
being  placed  on  the  coarse  fodder  grasses  adapted  to  beef  fat- 
tening paddocks  in  the  wet  areas  as  well  as  grasses  and  legumes 
adapted  to  dry  conditions  characteristic  of  the  leev\  ard  side  of 
the  several  islands.  I'romising  species  are  Mcdiciiijo  falcata^  a 
spreading  pasture  type  of  alfalfa  from  Wisconsin,  and  2 
species  of  Diijitdria.  D.  pcntziJ.  and  D.  tiiiJatH/iaiKi  introduced 
from  Australia. 

Management  of  fattening  paddocks  and  soilage  crops  is  be- 
ing studied  by  means  of  frequency  of  cutting  tests  of  alfalfa 
and  Napier  grass  {Pennisetum  pnrpureum  ) .  Kesults  indicate 
that  alfalfa  is  best  cut  at  about  full  bloom,  which  gives  8  to  9 
cuttings  a  year.  Napier  grass  cut  at  8  to  10  week  intervals  gave 
the  best  yields  of  forage  with  satisfactory  2>alatability  and  pro- 
tein content.  A  cooperative  test  on  Napier  grass  has  been  in- 
stalled in  a  ranch  fattening  paddock  to  determine  the  fertilizer 
requirements  of  the  crop. 

Rapid  deterioration  of  many  varieties  of  seed  in  the  humid 
tropics  and  subtropics  constitutes  a  problem  of  vital  import- 
ance to  many  phases  of  tropical  agriculture.  Preliminary  expe- 
riments on  the  effect  of  humidity  showed  that  the  effective  life 
of  many  vai  ieties  of  seed  can  be  greatly  lengthened  l»y  reducing 
the  relative  humidity  to  60  per  cent  or  below. 

Livestocl-.  The  possibilities  of  improving  the  cjuality  of 
beef  and  at  tlie  same  time  increasing  the  carrying  capacity  of 
the  beef  ranches  through  the  medium  of  fattening  paddocks 
and  supplemental  feed  are  being  investigated  in  a  series  of  co- 
operative experiments  with  various  ranchers.  Napier  grass,  pig- 
eon peas, ekoa, and  various  grass  mixtures  are  commonly  used  in 
such  paddocks,  but  there  is  no  experimental  data  to  show  their 
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comparative  value  or  the  value  of  such  supplements  as  mo-  \ 

lasses,  soybean  meal,  and  fish  meal.  Cooperative  pen  feeding  i 

exiDeriments  with  beef  animals  include  pineapple  bran,  cane  \ 

bagasse,  and  cane  tops  supplemented  by  protein  concentrates.  ' 

Completed  trials  show  that  by-product  feeds  of  the  pineapple  ; 

and  sugar  industries  are  more  economical  in  dairy  cow  rations  \ 

than  imported  grains.  Pineapple  bran  and  cane  molasses  sub-  | 

stituted  for  barley  in  two  milk  production  tests  resulted  in  a  i 

30  per  cent  saving  in  cost  of  concentrate  with  no  decrease  in  ; 

milk  production.   Molasses  poured  over  roughage  increased  i 

milk  production  and  appears  to  be  a  desirable  and  profitable  i 
practice. 

Little  is  known  regarding  the  actual  digestibility  of  tropical  ^ 

feeds.  The  coefficient  of  digestibility  (the  per  cent  of  the  total  i 

of  any  constituent  which  is  actually  digested  b,y  the  animal)  \ 

is  essential  in  evaluating  a  feed  and  compoiuiding  feeding  ra-  : 

tions.   An  experimental  building  for  digestibility  trials  has  :| 

been  erected  and  one  trial  with  Napier  grass  completed  using  5 

ten  steers  in  the  trial.  Other  tropical  grasses,  legumes,  and  by-  j 

products  of  Hawaiian  industries  will  be  used  in  subsequent  i 

trials.  \ 

Liver  fluke  is  recognized  as  a  distinct  menace  to  profitable  \ 

dairying  and  beef  production  in  certain  localities  in  Hawaii.  \ 

Surveys  have  been  comj)leted  of  the  infested  areas  as  well  as  \ 

checks  on  the  percentage  of  infestation.  Post  mortem  examina-  \ 

tions  have  shown  that  the  water  buffalo  (Bubalus  hubaJus)  | 

and  the  horse  may  act  as  hosts  for  the  flulve.  The  possibilty  \ 

of  certain  of  the  Avild  animals  in  the  aa  et  forested  areas  being  \ 

infested  is  under  investigation.  It  has  been  found  that  the  liver  ■ 

fluke  jjrevalent  in  Hawaii  is  a  different  species  from  that  exist-  ] 

ing  on  the  mainland,  the  latter  being  Fasciola  hepatica,  while  | 

the  one  found  locally  is  Faaciola  gigantica,  common  in  India  - 

and  other  Asiatic  countries.   Cooperative  field  experiments  < 

with  ranchers  and  dairymen  are  testing  the  effectiveness  and  \ 

feasibility  of  removing  soiirces  of  infestation  by  draining,  fill-  ! 

ing,  fencing,  and  coj^per  sulj^hate  treatment  of  swampy  areas.  • 

j 

Poultry.  Pi'ojects  dealing  v\  ith  the  use  of  batteries  for  lay-  \ 

ing  hens  and  I'reeding  stock,  juunidity  control  in  incul)ators,  I 
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the  use  of  locally  ))r()(luce(l  feeds  in  the  rations,  and  cross 
l)reedin<>'  for  meat  production  have  heen  initiated.  Experi- 
ments on  artiticial  illuniinatiou  durino' the  period  of  high  egg 
prices  have  shown  greater  egg  production  with  no  increase  in 
mortality.  Com])in'tment  battei-ies  for  laying  hens  continue  to 
show  economical  egg  ])i'<)duction  when  fed  a  conunercial  egg- 
ration  augmented  with  one  j^fi'  t-ent  refined  cod  liver  oil  and 
fermented  yeast  mash.  Greater  percentage  hatch  and  tiiriftier 
chicks  are  obtained  if  tlie  humidity  of  the  incubatio]!  chamber 
is  maintained  at  about  60  per  cent  up  to  the  18th  day  and  85 
per  cent  at  hatching.  Freshly  cut  alfalfa  is  inferior  to  alfalfa 
leaf  and  blossom  meal  in  poultry  rations,  causing  a  greater 
variability  in  the  intensity  of  the  yolk  color  and  general  lack 
of  thriftiness  of  tJie  hens. 

Poultrv  parasite  investigations  have  been  centered  largely 
in  the  study  of  the  life  history  and  control  of  the  gizzard 
worm  {CheilosjA'nird  hdnnilosiii)  of  chickens  and  turkeys.  This 
parasite  has  been  found  in  nearly  all  flocks  in  the  lerritory. 
causing  considerable  loss  due  to  anemic  conditions  and  lack  of 
vigor.  Heretof(n'e  only  grasshoppers  were  Imown  to  serve  as 
intermediate  hosts  of  the  gizzard  worm.  The  Parasitology 
Division  has  l)een  able  to  show  experimentally  that  14  dili'er- 
ent  species  of  arthropods  may  serve  as  intermediate  hosts. 
Since  certain  of  the  beetles  antl  weevils  are  found  around  ma- 
nure and  feed  accunuilations,  careful  attention  to  cleanliness  is 
reconnnended.  Other  poultry  parasites  identified  are  the  spiral 
stomacli  worm  [D'tHphari/nx  spiralis),  the  globular  stomach 
worm  [Tetramcres  americana),  the  eyeworm  {Oxyspirura 
mai^son!) ,  and  a  tajjeworm  (H i/nunolipis  exigua)  not  pre- 
viously reported  from  Hawaii. 

Iiodi  nf  Coittrol.  Laboratory  studies  were  made  with  rats, 
mice,  and  mongooses  to  provide  basic  information  on  attrac- 
tive food  materials  for  baits,  the  ty])e  of  bait  package,  and 
lethal  dose  requirements  iov  the  ditlerent  I'at  species.  One 
hunch'ed  bait  formulas  using  various  poisons,  food  material, 
and  package  types  were  de^'eloped,  and  a  total  of  about  r).()00 
pounds  sent  out  for  field  trials  on  the  various  islands.  Sevei'al 
of  the  new  formulas  develoi)ed  showed  a  marked  supei'ioritv 
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over  the  baits  commonly  used  in  Hawaii.  In  general,  the  sau- 
sage type  with  either  hamburger  or  bacon  rind  as  the  principal 
food  attractant  and  thallium  sulphate  as  the  poison  offers  the 
most  promise  from  the  standpoint  of  cost  and  effectiveness.  A 
rolled  barley,  using  thallium  sulphate  and  fresh  blood  dried 
in  the  bait  as  an  adhesive  for  the  i^oison  has  likewise  proved 
effective.  Life  habit  studies  of  the  four  rat  species  in  Hawaii 
are  being  made  to  serve  as  a  basis  for  more  effective  control 
methods.  Field  trials  of  new  baits  are  being  made  on  Oahu, 
Kauai,  and  Kona,  Hawaii. 

In  addition  to  experimental  phases,  field  control  operations 
have  been  conducted  on  Maui  and  East  Hawaii  in  cooperation 
with  the  Board  of  Health. 

COOPEEATION  WITH  OTHEE  AGENCIES 

The  Experiment  Station,  with  its  limited  facilities,  is  re- 
stricted in  the  amomit  of  experimental  work  Avhich  it  can 
maintain  single-handedly  on  the  outlying  islands.  Yet  it  is 
imperative  in  many  types  of  experimental  work  that  the  tests 
include  repetition  under  the  wide  range  of  rainfall,  altitude, 
and  soil  types  occurring  in  the  Islands.  To  bridge  this  gap, 
cooperation  Avith  other  agencies,  both  governmental  and  pri- 
vate, has  been  enlisted.  Such  cooperation  has  made  possible 
a  territory-wide  experimental  program  along  such  important 
lines  as  adaptation  of  grass  species  under  range  conditions, 
feeding  experiments  with  beef  and  dairy  animals,  efficacy  of 
control  methods  of  liver  fluke,  crop  surveys  and  monthly  census 
of  truck  crop,  and  trials  of  neAv  accessions  of  tropical  fruits 
and  nuts. 

Cooperation  with  Territorial  ajid  Federal  agencies  has  been 
particularly  helj)ful.  With  the  former  it  has  meant  the  effec- 
tive coordination  of  all  rodent  control  and  parasitological 
work.  Federal  cooperation  has  made  possible  general  surveys 
of  the  liver  fluke  and  rodent  situations  by  leading  Department 
of  Agriculture  specialists  and  tlie  loan  of  specially  trained 
personnel  for  the  duration  of  tlie  Sugar  Processing  Tax 
Projects. 

Following  are  listed  those  agencies  with  whom  the  Station 
established  cooperation  during  the  year: 
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Federal  Goverxment 

Army — Surveys  of  local  food  situation  ;  tests  on  taro  tiour 

Biological  Survey — Rodent  control  project  :  eslahlishnient  of  a 
local  unit  of  the  Biological  Sur\ey  m  Hawaii 

Animal  Industry  —  Survey  of  liver  fluke  situation;  loan  of 
scientific  personnel 

Agricultural  Economics — Fruit  and  vegetable  grading;  estab- 
lishment of  a  permanent  cooperative  service  in  the  Terri- 
tory 

Territorial  1  xstiti'  noNs 

Board  of  Health — (Maui  and  Hawaii)  Rodent  control  project 
ll'aialcr  J  raining  Scliool  for  Boys — (Oahu)  Taro  culture  and 
variety  tests 

Hawaiian  Homes  Commission — (M(il(ik;ii)  Taro  culture  and 
variety  tests 

Queen's  Hospital  and  Ezi.'a  Health  Center — Education  in  the 
use  of  taro  in  the  diet 
Sugar  Plantations 

Maui — Taro  culture  and  variety  tests  (Maui  Agricultural  Co., 
Ltd.) 

Oahu — Livestock  feeding  tests  ( Waialua  Agricultural  Co., 
Ltd.) 

Oahu — Livestock  feeding  tests  (  Waianae  Company  ) 
Small  Farmers 

Hazvaii — Conuuercial  impro\'enient  oi  macadamia  nuts  (K. 
Sasaki ) 

Haioaii — Commercial  improvement  of  macadamia  nuts  (H.  S. 
Kim) 

Oahu — Taro  culture  and  variety  tests  (J.  K.  Jones) 
Oahu — Taro  pathological  experiments  (Wong  Nin  ) 
Ranches  and  Dairies 

Hazvaii — Liv  estock  feeding  test  (  Kapapala  Ranch) 
Hazvaii — Napier  grass  fertilizer  experiment  (Keaau  Ranch) 
Oahu — Liver  fluke  control  experiment  (Kualoa  Ranch) 
Oahu — Liver  fluke  control  experiment  (Hygienic  Dairy) 


PERSONNEL 

Additions  to  Stafk 

Tlie  iiicreased  funds  made  possible  the  enpa^enient  of  a 
nuniber  of  well-trained,  yonn«>'  and  active  investi<>ators  and  an 
expansion  of  personnel  from  27  fnll-  and  part-time  apiK)inted 
employees  in  li)^;)  to  a  total  of  83  in  19?>().  Tlie  followino-  liave 
been  added  to  tlie  statitm  dnring  the  past  fiscal  year.  Most  of 
these  aniployees  are  on  a  temporary  basis: 

J.  E.  Alicata,  Parasitologist — Liver  fluke  and  poultry  parasites 
N.  F.  Ambrose,  Assistant  Agronomist — Truck  crop  marketing 
J.  H.  Beaumont,    Principal    Horticulturist — Head,  Horticultural 
Division 

F.  A.  Bowers,  Principal  Agricultural  Aide — Taro  investigations 
A.  W.  Burt,  Principal  Agricultural  Aide — Livestock  feed  project 
H.  B.  Cady,  Marketing  Economist — Truck  crop  marketing 
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Oliver  Crosby,  Principal  Agricultural  Aide — Livestock  feed  pro- 
ject 

F.  A.  Elliott,  Sr.  Scientific  Aide — Rodent  control 

R.  H.  Gast,  Marketing  Economist — Truck  crop  marketing 
Wendell  Jordan,  Sr.  Scientific  Aide — Rodent  control 

G.  J.  Ley,  Chemical  Engineer — Taro  investigations 
R.  A.  Lyman,  Supt.,  Haleakala  Substation 

R.  H.  Moltzau,  Principal  Scientific  Aide — Fruits  and  nuts  project 

G.  K.  Parris,  Associate  Plant  Pathologist — Taro  investigations 
J.  H.  Payne,  Associate  Chemist — Taro  investigations 

C.  E.  Pemberton,  Principal  Biologist — Part-time,  Rodent  control 
M.  Potgieter,  Associate  Chemist — Taro  investigations 

H.  J.  Spencer,  Assistant  Biologist — Rodent  control 

L.  E.  Swanson,  Associate  Parasitologist — Liver  fluke  project 
J.  C.  Thompson,  Principal  Scientific  Aide — Truck  crop  investiga- 
tions 

B.  A.  Tower,  Assistant  Poultry  Husbandman — Poultry  husbandry 
H.  H.  Warner,  Principal  Marketing  Specialist — Part-time,  Truck 

crop  marketing 
L.  D.  Whitney,  Assistant  Agronomist — Taro  investigations 

C.  L.  Wilbar,  Jr.,  Senior  Medical  Officer — Part-Time,  Taro  inves- 

tigations 

S.  H.  Work,  Associate  Animal  Husbandman — Livestock  feed  in- 
vestigations 

Separations 

H.  F.  Willey,  Superintendent  of  the  Haleakala  Substation, 
resigned  December  31,  1935,  to  become  Count}^  Agent  with  the 
Agricultural  Extension  Service. 

John  Castro,  Plant  Propagator,  died  on  February  25,  1936, 
after  27  years'  service. 

C.  E.  Pemberton,  Principal  Biologist,  in  charge  of  the  Rat 
Abatement  Project,  resigned  on  March  7,  1936. 

Ross  H.  Gast,  Marketing  Economist,  resigned  on  April  24, 
1936,  to  become  manager  of  the  Inter-Island  Growers'  Service. 

Willis  T.  Pope,  Senior  Horticulturist,  resigned  effective 
June  30,  1936,  as  a  member  of  the  Horticulture  Department  of 
the  Station  and  as  a  professor  in  the  UniA^ersity  of  Hawaii. 

LAND  AND  BUILDINGS  ACQUIRED 

The  offices  of  the  Exj^eriment  Station  were  transferred  on 
Augtist  1,  1935,  to  the  neAv  Agricultural  Building  erected  on 
the  University  campus  (Plate  1).  This  two-story,  concrete 
block  l)uilding  has  a  floor  space  of  approximately  14,400  square 
feet  and  is  used  by  the  Agricultural  Experiment  Station  and 
Agricultural  Extension  Service.    In  addition  to  the  main 


AiiiiiKiI  li(  port 


17 


office,  four  depail niciU  heads  of  tlie  Station  liave  tlieir  oft'ices 
in  tliis  liiiil(lin<>-.  Tliere  is  also  a  lal)oratorv  for  iiisti-uction  in 
soils  and  a  clieniical  laboratory. 


Plate  1. — New  Agricultural  Building,  which  now  houses  a  part  of  the  Sta- 
tion staff,  a  chemical  and  soils  laboratory.  Here  are  also  located  offices  of 
the  A t^ricu Itural  Kxten.sion  Service  and  instructional  classrooms  of  the  Agri- 
cult  ur;i  1  1  )ei);irtmen  t. 


The  site  for  tlie  Station's  experimental  farm,  consistina'  of 
30.766  acres  of  territorial  land  was  set  aside  for  the  use  of  the 
Station  by  Governor's  Proclamation  Xo.  (U)5  on  February  28, 
1936.  Tliis  land  is  situated  on  the  main  lii^hway  midway  be- 
tween Wahiawa  and  Waialua,  and  has  l)een  used  for  j^ineapple 
and  sugar  cane  culture.  Tt  will  lie  available  to  the  Station  at 
the  expiration  of  tlie  ])resent  lease  on  August  30,  1!)37.  Irri- 
gation water  is  available  and  the  area  to  be  known  as  Poamoho 
Farm  will  be  used  for  investigations  on  soils,  forage  crops, 
truck  cro])S  and  some  tree  crops. 

A  model  barn  was  erected  on  the  University  Farm  to  house 
animals  and  to  provide  office  and  feed  room  space  for  digestion 
experiments.  This  building  has  10  adjustable  stalls  which  can 
be  used  for  animals  such  as  pigs,  sheep,  steers,  or  cows. 

A  pre-fabricated  steel-frame  greenhouse  25  by  .lO  feet  was 
erected  for  use  of  the  plant  pathology  dei)arl uient.  A  head- 
house,  25  by  -10  feet  adjoins  the  greenhouse  and  will  be  used 
for  storage  of  materials  and  hdioratory  work  associated  witli 
the  greenhouse. 
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The  Haleakala  Substation  of  38  acres  has  been  used  by  the 
Exi^erinient  Station  and  its  predecessor,  the  States  Relation 
Service,  since  1922  Avithont  formal  land  transfer.  This  sub- 
station will  be  used  in  the  future  by  the  Experiment  Station 
and  a  formal  land  transfer  Avas  obtained  by  Governor's  Pro- 
clamation No.  677,  dated  December  17,  1935. 

Leases  Avere  obtained  on  buildings  to  serve  as  temporary 
quarters  for  parasitology,  food  processing,  and  rodent  control 
iuA^estigations.  These  buildings  are  makeshift  accommoda- 
tions, entirely  inadequate  for  tlie  needs  of  the  Avork. 

REPORT  OF  DEPARTMENTS 
AGRONOMY 

Seed  Viability 

Low  humidity  increases  life  of  seed  in  storage.  In  the  humid 
ti'opics  and  subtropics  many  AJ-arieties  of  seeds  quickly  lose 
their  ability  to  germinate.  With  a  feAv  seeds  this  prol)lem 
makes  it  ditficult  to  maintain  viable  seed  supplies  from  hai'- 
vest  to  the  next  j)lanting  season.  To  study  the  factors  oj^erating 
and  to  devise  better  methods  for  storing  seeds  imder  island 
conditions,  investigations  Avere  begun  in  the  fall  of  1935.  In  a 
preliminai'y  experiment  of  250  da^'S  stoi'age  at  I'oom  tempera- 
tures of  about  75°  F.  and  A\dth  a  relative  humidity  of  90  per 
cent,  soybeans,  garden  beans,  and  lettuce  had  zero  germina- 
tion Avhile  at  75  per  cent  relative  humidity  these  same  seeds 
had  97,  87,  and  34  per  cent  germination  respectively.  Corn, 
scarified  alfalfa,  and  rice  Avere  also  tested  Avith  very  Ioav  germ- 
ination after  storage  at  90  per  cent  relative  humidity.  Storage 
at  60  per  cent  relative  humidity  or  less  residted  in  good  germ- 
ination at  the  end  of  the  250  day  period.  The  mean  relative 
humidity  at  Honolulu  is  72  per  cent  at  8  a.  m.,  66  per  cent  at 
noon,  and  73  per  cent  at  8  p.  m.,  Avith  only  slight  seasonal  de- 
partures from  these  means.  The  above  results  indicate  that 
seeds  should  be  stored  at  relative  humidities  beloAv  60  per  cent 
if  possible.  (Wilsie  and  Akamine) 
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Forage  and  Pasture  Crops 

Xcir  I iitroductioiis.  Twelve  seed  samples  of  legumes,  10  of 
iiiiscellaneous  liei'bage  plants,  and  60  of  grasses  were  added  to 
the  forage  nursery.  A  number  of  species  of  Med/cago  and  Tii- 
folium  from  Palestine  grew  in  the  nursery  for  a  few  months 
and  finally  died,  not  being  adapted  to  the  relatively  dry,  hot 
conditions  at  the  Pensacola  Street  Station.  A  spreading  pas- 
ture type  of  Medicago  falcata  introduced  from  the  University 
of  Wisconsin  gave  promise  of  producing  excellent  yields  of 
seed  and  possible  vahie  for  pasture  mixtures. 

Four  varieties  of  molasses  grass  {Melinis  minutiflora)  from 
Brazil  were  tested  and  none  found  to  otler  more  possibilities 
than  the  ordinary  type  called  "Koxo"  or  "Violet"  in  Brazil. 
Molasses  grass  is  rapidly  becoming  popular  in  Hawaii  on  ac- 
count of  its  ease  of  establishment  with  or  without  soil  prepara- 
tion, and  also  because  of  its  fattening  qualities  once  cattle  have 
acquired  a  taste  for  the  grass.  A  large  number  of  other  grasses 
were  introduced  through  the  courtesy  of  the  Soil  Erosion 
Service  and  while  it  is  too  early  to  say  wliich  ones  will  be 
promising,  a  few,  especially  the  Panicum  species,  appear  to 
have  possibilities.  Se\eral  have  already  been  eliminated  be- 
cause under  Hawaiian  conditions  it  appeared  that  these  might 
become  serious  pests  if  allowed  to  become  naturalized.  These 
included  Agropyron  smithii.,  Chloris  herroi^  and  Andiopogon 
ischaemum. 

Alfalfa  should  he  cut  at  part  hloom.  to  fall  hJoom  stage. 
The  frequency  of  cutting  experiment  started  in  January  1934 
was  completed  in  August  1935.  At  that  time  the  stand  sud- 
<lenly  became  badly  depleted  due  prinmrily  to  a  heavy  infesta- 
tion of  nut  grass  {Cyperu»  rotundus)  with  which  the  alfalfa 
was  unable  to  compete.  The  life  of  alfalfa  on  bottondand 
soils,  relatively  poorly  drained  and  heavily  infested  with 
weeds,  is  often  less  than  two  j'ears.  On  fields  free  from  nut 
grass  and  under  fairly  dry  conditions,  however,  stands  may 
last  for  eight  years  or  moi'e.  In  this  experiment  the  yields 
were  good  during  the  course  of  the  first  year  after  the  cutting 
Iroiitments  were  begun  as  shown  in  Table  2. 
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Table  2 — Effect  of  frequency  of  cutting  on  the  yields  of  alfalfa  at 
the  University  Farm. 


Cutting 
treatment 

Number  of 
cuttings 

Growing 
period 

Green  weight 
per  acre 

Air-dry  weight 
per  acre 

Days 

Tons 

Tons 

Bud  stage 

12 

31 

26.1 

5.6 

One  tenth  to  one 

quarter  bloom 

10 

37 

39.8 

9.5 

Full  bloom 

9 

43 

49.3 

11.1 

While  the  test  did  not  run  as  long  as  Avas  desired,  the 
results  show  plainly  that  higher  yields  are  obtained  with  al- 
falfa when  it  is  cut  in  full  bloom  or  in  the  tenth  to  quarter 
bloom  stage  than  when  cut  in  the  bud  stage.  Under  Hawaiian 
conditions,  therefore,  it  is  probably  preferable  to  cut  eight 
or  nine  times  per  year  as  a  juaxinuim  rather  than  11  or  12 
times  as  has  often  been  recommended.  Alfalfa  is  used  almost 
entirely  as  green  fodder  so  that  loss  of  leaves  and  palatalnlity 
is  not  so  important  as  it  would  be  if  hay  were  the  product 
desired.  ( "Wilsie,  Whitney,  and  Takahashi) 

Soy  l)eans  produced  high  yields  during  the  summer.  Forty- 
tAA'o  A^arieties  of  soy  beans  were  compared  for  seed  and  forage 
yields.  The  summer  croj)  harvested  in  August  and  September 


Table  3 — Comparative  yields  of  14  varieties  of  soybeans  grown  at 
the  Pensacola  Street  Station,  Honolulu 


Variety 

Yield  green  forage 
per  acre 

Yield  of  seed  per  acre 

Tons 

Pounds 

Bushels 

Brown 

12.8 

4,152 

69.2 

Tokio 

15.2 

4,084 

68.1 

Nanking 

14.0 

3,505 

58.4 

Mammoth  Yellow 

14.4 

3,369 

56.2 

Black  F.P.I.  80495 

13.1 

3,335 

55.7 

O-too-tan 

22.1 

3,097 

51.6 

Tar  Heel  Black 

10.6 

3,029 

50.5 

Selection  2567-2-11 

12.6 

2,756 

45.9 

Laredo 

12.4 

2,620 

43.7 

Selection  2567-2-1 

12.6 

2,586 

43.1 

Seaweed 

11.1 

2,586 

43.1 

Biloxi 

14.2 

2,212 

36.8 

Virginia 

10.3 

2,178 

36.3 

Yellow  Biloxi  Hybrid 

15.1 

2,076 

34.6 

Amtiial  li(  port  J!JJG 
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1  !)-■).■")  was  excellent,  the  highest  yields  ever  recorded  at  the 
Station  being  obtained.  Table  3  gives  the  yields  of  the  14 
liigliest  yielding  varieties,  each  variety  being  rej)Iicated  fonr 
times  during  the  experiment. 

Fourteen  varieties  were  planted  during  the  ^\  inte)-  season 
at  the  University  Farm.  Grown  at  that  time  of  year,  the 
plants  were  much  smaller  with  only  the  O-too-tan  exceeding 
is  inches  in  height.  Early  and  late  varieties  matured  within 
two  weeks  of  tlie  same  date,  and  yield  and  (|uality  of  seed  due 
to  unfavorable  weather  conditions  were  poor.  (Wilsie) 

Frequency  of  cutting  of  Napier  (/rasst  ajfcctn  ijichJx  iiiul 
(piaJity  of  forage.  Yields  under  the  various  cutting  treatments 
from  March  1,  1935,  to  July  1,  \d'M'\  varied  from  l-t  tons  of 
air-dry  forage  per  acre  with  cutting  mtervals  of  (5  weeks  to 

tons  per  acre  with  l-l-week  intervals.  The  forage  cut  at 
()-week  intervals  is  100  per  cent  palatable  while  that  cut  at 
14- week  intervals  is  onlv  about  40  per  cent  palatable  due  to 
the  coarse  stalks  and  high  fiber  content  at  this  stage  in  growth. 
Cut  every  six  weeks,  however,  the  plants  do  not  appear  vigor- 
ous and  it  is  (juestionable  just  how  long  a  stand  can  be  main- 
tained. Present  indications  are  that  cutting  at  8-  or  10-week 
intervals  will  be  a  more  practical  procedure  giving  high  yields 
and  fairly  palatable  forage. 

Chemical  analyses  were  made  on  50  samples  taken  from 
each  cutting  treatment  at  various  succeeding  cuttings  as  the 
experiment  2)rogressed.  Preliminary  results  indicate  a  rather 
low  protein  content  of  4  to  5  per  cent  from  all  cutting  treat- 
ments with  the  exception  of  those  i)lots  cut  every  (>  weeks.  With 
this  latter  treatment  the  ])rotein  content  was  al)out  8  per  cent 
which  does  not  exceed  that  of  oi'dinary  grass  meadow  hays. 

Yield  studies  were  continued  with  nine  selected  seedling 
.^trains.  Certain  nioi'])hologica]  ditl'erences  between  these  strains 
are  apparent,  but  yields  so  far  do  not  appeal'  to  be  signiticantly 
ditl'erent.  (Wilsie  and  Takahashi) 

C(t.s.sai'a  (iitd  edllilc  cainm.  Plantings  of  several  varieties  of 
cassava  {Manihot  i/titrs.shn(f)  iVA(\  edible  canna  (f'a/i/u/  edulis) 
were  maintained.  Cooperative  phmtings  of  two  varieties  of 
cassava  (Floi'ida  No.  1,  aiid  Wiebke)  were  made  neai-  "\^'ahi- 
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awa  and  Waialua  on  Hawaiian  Pineapple  Company  land. 
These  plantings,  althougli  put  in  under  dr}'  and  somewhat  un- 
favorable conditions,  did  well  and  showed  a  considerable  range 
of  local  adaptation  for  this  starch  crop. 
Taro 

The  agronomic  investigations  with  taro  {Golocasia  escu- 
lenta)  have  included  three  phases :  (1)  Varietal  and  taxonomic 
studies,  (2)  Survey  of  field  production,  and  (3)  Field  expe- 
riments involving  variety  and  fertilizer  tests. 

Taxonomic  scheme  of  classifyi'ng  to.ro  varieties  developed. 
Taro  is  one  of  the  oldest  Hawaiian  crops  and  there  exist  in  the 
Territory  more  than  100  so-called  varieties.  There  has  been 
little  attempt  in  the  past  to  ^\ork  out  a  taxonomic  sclieme  of 
classification  and  little  is  known  about  Avhat  actually  should 
constitute  a  variet}-.  During  the  past  year  the  collection  of  taro 
varieties  at  the  Station  has  been  increased  until  it  contains 
more  than  140  introductions  which  probably  rejtresent  at  least 
80  distinct  forms.  (Plate  2.)  Physical  measurements,  photo- 
graphs, and  descriptions  of  each  so-called  variety  have  been 
made.  Color  has  been  found  to  be  of  great  importance  in 
identifying  distinct  types.  Considerable  progress  has  been 
made  in  the  task  of  placing  all  of  the  available  forms  in  a 
logical  taxonomic  classification.  It  is  felt  that  all  forms  will 
jjrobably  be  placed  in  about  20  varietal  groups  having  certain 
distinctive  features.  There  seems  to  be  no  taxonomic  distinc- 
tion between  wetland  and  upland  taros,  the  physiological 
adaptation  to  wet  or  dry  culture  being  the  principal  difference 
between  the  two  types. 

A  survey  of  taro  areas  has  also  been  in  progress.  This  has 
included  an  estimate  of  acreage,  varieties  used,  source  of  water, 
cultural  methods,  and  presence  or  absence  of  diseases.  When 
comj)leted,  this  survey  should  add  considerable  information 
concerning  the  existing  status  of  the  taro  crop  in  Hawaii. 
Several  field  experiments  involving  variety  tests  and  fertilizer 
requii'ements  were  established  on  tlie  different  islands.  Xone 
of  these  has  been  harvested  as  yet. 

Nursery  ])lots  of  all  ^-arieties  Avere  liarvested  in  the  spring 
of  1936  and  \n  cooperation  with  the  Chemistry  and  Soils  Divi- 
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Plate  2. — Taro  variety  nursery  at  the  Pensacola  Street  Station  containing 
a  collection  of  140  varieties. 


sion  considerable  data  were  vobtamed  in  regard  to  pliysical 
characteristics  of  varieties,  adaptability  for  poi  and  flour  niau- 
factiire.  development  of  acidity  in  poi,  comparative  viscosity, 
etc.,  which  will  be  discussed  later.  (Wilsie.  Whitney,  Bowers) 

Truck  Crop  Breeihnc;  and  Variety  Trials 

Genetic  stiulic.-;  irith  sireet  jiotiitocs.  'riivough  the  courtesy 
of  Dr.  E.  S.  C.  Handy  of  the  Hishoj*  Museum,  Honolulu,  a 
large  number  of  native  Hawaiian  \ai'ieties  were  added  io  the 
nursery  at  Pensacola  Street.  Sixty  varieties,  24  hybrids,  and 
-1-0  seedling  selections  were  grown  in  small  i)Iots  and  a  com- 
l)h'te  description  of  the  gross  morphological  features  of  each 
was  made.  The  origin  of  the  many  Hawaiian  varieties  is  ob- 
scure. While  commerciall}'  the  sweet  potato  is  j^ropagaa^d 
almost  exclusiAely  by  vegetative  means,  because  of  the  profusf 
flowering  in  sul)tropical  environments,  considerable  seed  is  pro- 
duced. This  results  in  the  presence  of  numerous  chance  seed- 
lings in  old  Helds  and  may  lie  the  ex])lanation  of  many  of  the 
varieties  now  present  in  Hawaii.  Considering  the  fe<leral  mai'- 
ket  grades  as  a  standard,  there  are  few  varieties  in  Hawaii  that 
are  suitable  for  the  pi-esent  market  i'e(|uirements.  ^Nlany  of  the 


24 


Hawaii  Agricultural  Experiment  Station 


Hawaiian  varieties  are  red-skinned,  of  irregular  shape,  and 
have  a  flesh  that  is  dry,  woody,  or  stringy.  The  best  possibili- 
ties for  improvement  at  the  present  time  lie  in  some  of  the 
seedlings  selected  for  yellow  to  cream  colored  skin  with  a 
medium  size  root  tuber  and  good  quality  of  flesh. 

In  preliminary  fertility  studies  it  Avas  found  that  most  va- 
rieties and  seedlings  are  self-sterile  under  natural  conditions. 
With  hand  j)ollination  the  degree  of  self-fertility  varied  from 
0-50  per  cent.  In  many  cases  self-fertility  is  practically  im- 
possible in  nature  because  of  the  structure  of  the  floral  organs, 
the  antliers  being  definitely  below  the  stigma. 

Preliminary  work  on  chromosome  studies  was  initiated 
with  both  flower  and  root-tip  materials.  Difficulty  was  expe- 
rienced in  obtaining  the  proper  stage  in  microsporocytes  for 
the  counting  of  chromosomes.  With  root-tips,  however,  one 
slide  was  made  which  showed  clearly  90  chromosomes.  This 
number  checks  with  that  found  by  Dr.  E.  Ramford.  Univer- 
sity of  Mai'yland,  reported  to  us  through  correspondence. 
(Wilsie,  Takahashi) 

Lettuce  hreeding.  Five  varieties  and  11  selections  of  Fs 
1801  X  mignonette  hybrids  were  grown  in  field  plots.  An  excel- 
lent crop  Avas  produced  although  at  low  elevation  the  heads 
are  never  as  solid  as  woidd  l)e  desired.  Two  selections  from 
the  1801  X  mignonette  hybrids  showed  promise  of  becoming 
valuable  for  low  elevation  conditions.  Unfortunately,  because 
of  the  frequent  rains  most  of  the  plants  died  Itefore  seed  was 
mature,  necessitating  the  use  of  the  1935  seed  croj)  again  next 
year  for  tlie  variety  plantings.  (Wilsie,  Takahashi) 

Potato  variety  trials.  No  variety  tests  were  carried  on  dur- 
ing the  summer  of  1935.  Seed  stock  harA^ested  at  the  Haleakala 
Substation  in  March  1935  Avas  placed  in  cold  storage  and  left 
there  until  September  1935.  Variety  tests  Avere  then  planted 
at  the  Substation  including  12  A'arieties  Avith  five  replications 
in  the  random  block  arrangement.  Yields  are  given  in  Table  4, 
the  potatoes  being  harA^ested  in  January  1936. 

With  the  exception  of  British  Queen,  all  A^arieties  were 
originally  introdiiced  as  certified  seed.  Field  roguing  was  prac- 
ticed and  as  indicated  1)A'  the  yields  the  seed  stocks  were  main- 
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Table  4 — Yield  of  potato  variety  tests  at  Haleakala  Substation,  Maui. 


Variety  and  Origin 

History  of  Seed 

Stock 

Yield  per 
Cwt. 

acre 

1  llUlliyil     \  IMUItlcllld.  ) 

Grown  2  generations 

on  Maui 

97.3 

o .  0 

JJl'ltlSll  CJllGBn 

Maui  seed  stock 

93.5 

± 

8  9 

4  generations  on 

Maui 

92.1 

o .  \) 

t3:li(iin  (  Oregon ) 

4  generations  on 

Maui 

91.3 

+ 

R  ft 

Triumph  19-2  2  (Nebraska) 

3  generations  on 

Maui 

88.5 

+ 

7.7 

Early  Rose  (Oregon) 

4  generations  on 

Maui 

87.7 

± 

7.6 

Triumph  23-25  (Nebraska) 

3  generations  on 

Maui 

87.2 

+ 

7.6 

lIlLlinpn    ^- L  jLi  liNeUId-SKd) 

3  generations  on 

Maui 

80.5 

± 

7.0 

Burbank  (Oregon) 

4  generations  on 

Maui 

73.2 

6.4 

Ti-iumi)h  (Nebraska) 

4  generations  on 

Maui 

65.7 

± 

5.7 

Triumph  (Louisiana) 

3  generations  on 

Maui 

60.8 

± 

5,3 

Ti-iunii)li  (Nebraska) 

1  gen.  Hawaii;  3 

gen. 

on  Maui 

34,0 

± 

3.0 

I  allied  with  considerable 

success.  These 

yiehls 

are  a 

|)l)r(j.\i- 

luately  as  good  as  have  usually  been  obtamed  in  tliat  veoion 
even  with  new  certified  seed.  (Wilsie) 

Tomato  variety  trhilx.  Six  vai'ieties  incliidino-  12  strains 
were  <>rown  in  randomized  blocks  witli  (!  replications.  The  sea- 
son was  unfavorable  and  there  was  a  lii<>h  de<>ree  of  flower 
drop  due  primarily  to  frequent  rains  and  insect  infestation. 
All  plots  were  heavily  infested  witli  leaf  hopjDers,  melon  flies, 
and  the  corn  ear  worm.  The  crop  yields  now  being  harvested 
are  poor.  (Wilsie,  Takahashi) 

New  variety  of  sweet  corn  recommended.  A  new  variety  of 
sweet  corn,  U.S.D.A.  No.  S-t,  was  introduced  from  the  Puerto 
Rico  Station.  Two  generations  have  been  grown  with  iiiucli 
success.  The  (juality  was  good,  ears  large,  and  kernels  sweet  ; 
and  the  plants  appeared  to  be  vigorous  and  healtliy.  So  far 
there  has  been  little  diff'iculty  witli  corn  mosaic  wliicli  infests 
most  sweet  corn  varieties  so  l)adly  under  Hawaiian  conditions. 
Twenty  pounds  of  .seed  have  l)een  distributed  for  increase  pur- 
poses. (Wilsie) 

I-IORTICITLTURE 

The  horticultural  research  program  includes  work  on  a 
wide  range  of  fruits,  nuts,  and  vegetaijles.  The  methods  of 
attack  are  determined  l)y  tlie  nature  of  tlie  ])r()l)leiiis  and  in- 
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elude :  breeding  and  selection  including  importation ;  species 
hybridization  including  cytological  analysis;  physiology  of 
growth,  flowering,  and  fruiting;  season,  soil,  and  climatic 
adaptation;  asexual  propagation  and  nursery  2)ractices:  and 
field  culture  and  nutrition. 

Rooted  Plants  and  Scions  Introduced  by  Air  Express 

Emphasis  is  being  placed  upon  the  introduction,  so  far  as 
possible,  of  scions  and  I'ooted  plants  of  definitely  described 
varieties  of  fruits  and  nuts  Avhich  seem  to  have  promise  in 
Hawaii  from  the  standi3oint  of  commercial  development  or  of 
the  home  garden.  The  introduction  of  litchi,  mangosteen,  cit- 
i-us,  and  mango  varieties  is  being  undertaken  first.  Air  express 
from  the  Orient  and  the  mainland  is  now  making  this  possible. 

Eight  varieties  of  litchi,  two  rooted  plants  each  of  four 
varieties,  and  12  scions  each  of  4  other  varieties,  were  received 
from  Prof.  Puiman  Lee  of  Lingnan  University.  Five  of  the 
rooted  plants  have  started  active  growth  and  the  grafts  made 
from  the  scions  appear  to  be  doing  well.  Scions  of  ten  varie- 
ties of  citrus  were  received  from  Dr.  H.  P.  Traub,  of  the  Citrus 
Experiment  Station,  Orlando,  Florida,  and  at  least  one  2)lant 
of  the  tJiree  grafts  made  of  each  variety  is  groAving.  Seed  and 
I)lants  of  selected  Macadamia  varieties  listed  by  Mr.  W.  R. 
Petrie  of  Queensland,  Austi'alia,  have  been  ordered  but  have 
not  been  received.  Mangosteen  seed  and  plants  are  expected 
from  Puerto  Rico  and  from  the  Philippines.  These  and  i^re- 
vious  introductions  are  being  propagated  as  rapidly  as  jjossible 
and  will  be  set  out  in  different  locations  Avith  interested 
growers. 

FRUITS 

Papaya 

Selection  of  strains.  The  blossoms  and  fruits  from  250 
seedling  trees  representing  10  different  accessions  received  by 
the  department  in  the  past  from  many  different  sources  have 
been  described  for  color,  shape,  tliickness  of  flesh,  flavor,  tex- 
ture, etc.,  as  well  as  blossom  tyjDe  in  an  effort  to  determine  the 
variability  within  different  strains  and  to  select  breeding  ma- 
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terial.  In  addition,  many  fruils  rejiresenting-  connnercial  Ha- 
waiian types  have  ])een  desci-ibed  and  analyzed.  Appi'oxiinately 
1. ;■)()()  seedlings  from  the  best  of  these  fruits  are  being  grown 
for  furtlier  analysis. 

Variahle  l)l().ss<jin  fijpf  ((ffccts  chdracter  of  fi  iilt.  Except  in 
the  2)iire  female,  the  pa])aya  tree  may  bear  several  1y])es  of  blos- 
soms on  the  same  inflorescence.  (Plate  o)  Tlie  type  of  blossom 
determines,  in  some  degree,  the  form  and  shape  of  tlie  fi'uit.  A 


Plate  :i. — Various  types  of  inf loifsct-nce  ii :;  t lu-  papaya,  (a)  Female  in- 
florescence-, (b)  I'^leiiientary  type  of  hermaphordite  blossoms  having  only  five 
stamens,  (c)  1  rteiineiliate  or  unstable  type  showing  pistilloidy  and  intermedi- 
ate number  of  stamens  between  5  and  10.  (d)  Same  as  above  except  that  one 
of  lateral  blossoms  is  similar  to  terminal  and  tlie  remaining  2  are  similar  to  e. 
(e)  Normal  hermaphordite  having  10  stamens  and  munial  pistil.  The  lateral 
blossoms  may  be  male  i.e..  the  pistils  may  be  rudimentary. 

study  Avas  instituted  to  determine  to  what  extent  the  blossom 
type  miglit  be  fixed  by  controlled  breeding.  Among  560  plants 
studied  in  a  commercial  planting  of  papaya  of  the  so-called 
Solo  strain,  it  was  fonnd  that  less  than  one-third  were  pnre 
feiiu'.lc  -ind  considerably  more  tlian  two-thirds  exhil)ited  vary- 
ing degrees  of  liermaphroditisin.  While  femaleness  A'aried 
within  narrow  limits  from  tree  to  tree,  the  herina]>h:()dite 
types  are  extremely  variable  and  apparently  inftiienc-'d  mark- 
edly by  seasonal  and  nutritive  conditions.  The  types  ai'e.  how- 


28 


llainul  Agricultural  Experiment  Station 


ever,  siifticiently  distinct  to  enable  classification.  These  types 
are  being  self -pollinated  and  suitable  crosses  made  to  deter- 
mine Avhetlier  different  types  may  be  fixed  and  made  to  breed 
true  as  well  as  to  study  the  inheritance  of  other  fruit  and  tree 
characters.  ( Beaumont) 

LiTCHI  AND  LUNGAN 

Approximately  one  thousand  stocks  of  litchi  and  lungan 
are  being  grown  in  the  nursery  at  the  Pensacola  Sti'eet  Station 
and  at  Kona  to  be  used  in  propagating  varieties  of  these  fruits 
for  test  in  various  locations  and  for  various  cultural  studies. 
Propagation  of  the  litchi  and  luDgan,  like  the  Macadamia,  is 
very  difficult.  It  is  planned,  therefore,  to  use  many  of  these 
stocks  for  physiological  and  anatomical  studies  of  the  stocks, 
scions  and  graft  unions  in  an  efi'ort  to  determine  some  of  the 
more  important  factors  affecting  successful  grafting,  such  as 
age  and  physiological  condition  of  stock  and  scion,  pai-ticularly 
with  respect  to  storage  materials  and  the  effect  of  stimulants 
in  inducing  active  growth.  (Beaumont,  Jones,  Storey) 

Passiflora  and  Eugenia 

The  chromosome  number  in  12  species  of  Passiflora  is  given 
in  Table  5. 


Table  5 — Chromosome  numbers  of  twelve  species  of  Passiflora. 


Series 

Chromosome  number 

n 

2  n 

P. 

alba 

18 

P. 

edulis 

18 

P. 

edulis  forma  flavicarpa 

9 

18 

P. 

foctida 

10 

20 

P. 

foctida  var.  Gossypifolia 

10 

P. 

laurifolia 

9 

18 

P. 

ligularis 

18 

P. 

maliformis 

18 

P. 

pfordtii 

18 

P. 

seemani 

9 

18 

P. 

suberosa 

12 

24 

P 

vitifolia 

9 

18 

A  nura))er  of  inter-specific  crosses  has  been  made  and  a  fair 
yield  of  seed  obtained.  This  seed  will  be  groAvn  and  tlie  chro- 
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iiiosoiiic  iiiiiiil)('i-s  (leteniiiiied  from  the  root  tips.  JNIorpholo- 
•iic'iil  studies  of  the  chroiiiosoiues  are  being'  made  and  the 
inheritance  of  various  species  characteristics  will  also  be  fol- 
lowed in  order  to  associate  the  inheritance  of  species  characters 
w  ith  definite  chromosomes.  The  time  required  for  fertilization 
after  pollination  and  the  time  of  tirst  cleava<>e  division  are 
l)ein<>.'  studied  previous  to  attemptin<i'  special  treatments  de- 
signed to  induce  multiplication  of  the  cliromosome  numbers  in 
the  species  hybrids.  In  addition  to  contriliuting-  nuich  to  the 
knowledge  of  the  cytology  of  species  hybrids  such  studies  may 
lead  to  the  production  of  high  yielding,  vigorous,  and  high 
(piality  types. 

The  chi'omosome  number  in  several  of  the  Eugenia  species 
is  being  determined  as  Avell  as  in  other  genera  of  the  family 
Myrtaceae.  Cytological  investigations  of  this  group  of  jdants 
luive  not  been  undertaken  heretofore  and  it  is  believed  that 
such  .studies  as  well  as  species  hybridization  may  lead  to  inter- 
esting and  important  advances  in  fruit  genetics.  (Stoi-ev) 

Avocado  anm)  Manc;o 

This  Station,  as  well  as  interested  growers,  has  made  large 
collections  of  mango  and  avocado  varieties  in  the  past  years. 
These  plantings  are  maturing  and  it  is  now  possible  to  make 
accurate  descriptions  of  varieties  as  grown  under  different 
climatic  and  soil  conditions.  A  number  of  mango  varieties  has 
already  been  described  but  it  is  hoped  to  broaden  this  work 
to  include  the  same  and  additional  varieties  from  other  islands 
oi'  locations  in  order  to  determine  luider  what  soil  and  climatic 
conditions  the  mango  develops  highest  market  and  table  (jual- 
ity.  Similai'  studies  are  in  progress  with  the  avocado. 

Avocado  and  mango  stocks  are  being  grown  in  the  luiisery 
at  the  Pensacola  Street  Station  with  a  view  to  ])ropagatiug  the 
more  promising  varieties  of  these  two  fruit  plants  foi-  more 
detailed  studies,  ^^lriety  collections  will  be  set  out  with  several 
coopei'ators  to  determine  further  the  climatic  and  soil  ivquire- 
ments  of  specific  varieties  as  well  as  foi'  cultural  studies  affect- 
ing fruiting  and  for  studies  of  fi-uit-bud  foi'ination  aiul  annual 
l)earing.  (Beaumont.  Storey) 
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Citrus 

Several  new  and  outstanding  varieties  of  the  different  types 
of  citrus  fruits  have  been  introduced.  These  will  be  propa- 
gated and  set  out  with  cooperative  growers  for  comparison 
Avith  the  older  standard  varieties.  Citrus  culture  in  Hawaii, 
however,  appears  to  be  quite  dependent  upon  soil  and  climatic 
conditions.  Consequently,  it  is  planned  to  establish  citrus 
variety  tests  at  different  elevations  and  exposures  and  to  use 
several  rootstocks  with  each  variety.  Eootstocks,  including 
sour  orange,  rough  lemon,  shaddock,  and  Hawaiian  orange, 
are  being  grown  in  the  nursery  for  the  propagation  of  the 
AT^arieties  for  these  tests.  (Beaumont,  Storey) 

MACADAMIA  NUT  INVESTIGATIONS 

Macadamia  seedlings  shoio  great  variation.  Even  though 
selection  was  begun  late  in  the  season,  a  number  of  promising 
types  were  found.  The  l)est  of  these  averaged  42  per  cent  kernel 
on  a  dried  Ijasis,  Avhich  compares  favorably  Avith  some  of  the 


Plate  4. — Variation  in  Macadamia  nuts  from  seedling  trees.  Within  a 
single  grove,  the  proportion  of  kernel  varied  from  18  to  42  per  cent.  Excessive 
thickness  of  shell  as  illustrated  by  the  specimen  above  adds  greatly  to  the 
cost  of  handling  and  processing  with  no  increase  in  size  of  the  kernel  over  the 
specimen  below. 
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l)('st  varieties  described  by  Mr.  W.  \\.  l*etrie  of  Qiieensliiiid. 
Australia.  Kesidts  of  the  first  season's  woi-k  with  the  smooth 
shell  type  (  M (icdiltnriiii  tcrni folia  var.  inf ('(/ l  i folia) ,  showed 
nearly  (K)  per  cent  of  the  seedling  trees  described  to  have  oO 
per  cent  or  less  kernel  and  -Jd  per  cent  to  have  25  per  cent  or 
less  kernel,  the  total  lange  being  from  18  per  cent  to  42  per 
cent  kernel.  (  Plate  4)  There  was  no  con-elation  between  size  of 
nut  and  specific  gravity  of  kernel  or  between  the  per  cent 
kernel  and  specific  gravity.  Previous  work  lias  shown  the  oil 
content  of  the  Macadamia  kernel  to  l)e  inversely  proportionate 
to  its  sj^ecific  gravity.  Large  size  or  thin  shell  may  thus  occur 
in  nuts  with  either  high  or  low  oil  content.  This  is  imi)ortant 
in  selecting  for  quality.  Individual  tree  samjjles  of  the  rough- 
shell  type  [M aiiujaiii'ia  fcriil folia)  are  definitely  inferior  in  oil 

content,  in  color  of  kernel 
before  aiul  after  roasting, 
but  not  necessarily  in  the 
ratio  of  kernel  to  shell.  The 
types  described  by  ^l:.  Pet- 
rie  luive  been  ordered  for 
conn)arison  witli  those  se- 
lected here. 

J  o jnrorki n</  of  least  dc- 
airahh'  ti/pc  trees  in  conimer- 
cial  (/rorcH.  The  individual 
tree  descriptions  show  that 
many  trees  are  undesirable 
l)oth  in  habit  of  growth  and 
in  character  of  nut.  A  top- 
woi-king  e.xperiment,  situated 
in  four  ditferent  groves,  rej)- 
resenting  four  different  ages 
oi-  conditions  of  tree,  was 
initiated  to  determine  the 
feasibility  of  working  over 
undesirable  type  of  trees  to 
selected  varieties.  Recognized 
methods  of  topworking  were 
emi)loyed.  (Plate  5)  In  gen- 
ei-al.  all  forms  of  grafting 


Plate  5 
Mat  ail.i  liiiH 
niunths  iift 


T.iljWui  kii;n    a   t.  li   ,\  i-ii  I  (Jill 
nut  tree.  .Side  wedge  graft  3 
■Y   grafting:.     The  top  of  the 
IS  tci  b.-  cut  back  grarlually  to  the 
til    niiiiui   lictw'ccn  .stuck  and  scion. 
Ill-shell  .sciiin   on  mugh-shell  stock. 
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were  more  successful  in  the  Kona  District  of  Hawaii  than  in 
of  Hawaii  than  in  the  Nutridge  Grove  on  Oahu.  It  seems 
the  Nutridge  Grove  on  Oahu.  It  seems  apparent,  however,  that 
topworking  may  be  safely  done.  Observations  on  the  growth 
and  fruiting  of  topworked  trees  will  be  followed  in  later  years. 

Nursery  propagation.  Experiments  to  determine  the  proper 
season,  age  and  size  of  stock,  and  tyjie  and  condition  of  scion 
most  suitable  for  propagation  are  in  progress.  In  addition  the 
uniformity  of  seedling  stocks  and  the  variations  in  root  sys- 
tems between  different  groups  are  being  studied  with  the  view 
to  selecting  the  most  promising  stocks  for  propagation  work. 
Various  stimulants,  which  it  is  hoped  will  induce  callusing 
and  active  growth  of  scions  as  well  as  induce  root  formation  by 
the  stock,  are  being  tested  not  only  with  Macadamia  but  also 
Avith  litchi  and  mangosteen,  all  of  Avhich  are  difficult  to 
propagate. 

Variety  tests  and  adaptation  studies.  Several  thousand 
seedling  stocks  are  being  grown  in  the  nursery  at  Kona  and 
at  the  Pensacola  Street  Station.  Selected  varieties  Avill  be 
grafted  on  these  stocks  and  later  will  be  set  out  as  variety 
collections  in  different  locations  for  comparative  ada^^tation 
tests.  Two  or  three  of  the  most  promising  varieties  Avill  be 
propagated  in  such  numbers  that  comparative  cultural  and 
training  tests  may  be  establislied  in  two  or  more  locations. 
(Beaumant,  Moltzau) 

VEGETABLES 

Variety  tests  of  truck  crops  begun  on  Haioaii,  Maui.,  and- 
Oahu.  Two  hmidred  and  forty-two  varieties,  representing  a 
number  of  dilferent  types  of  truck  crops,  have  been  accumu- 
lated for  test  at  various  eleA'ations  and  on  different  soils  in  the 
Territory.  Four  hjcations  haA'e  been  established:  Kanuiela,  on 
the  island  of  HaAvaii,  elevation  2,700  feet;  Haleakala  Substa- 
tion, on  the  ishmd  of  Maui,  elevation  2,100  feet;  Waipahu,  on 
the  ishmd  of  Oahu,  elevation  300  feet;  and  at  Waialee,  on  the 
island  of  Oalui,  eleA^ation  approximately  50  feet.  In  addition 
to  eleA'ation  and  temperature,  these  locations  also  A^ary  in  rain- 
fall, light  conditions,  and  soil  type.   Successive  plantings  at 
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each  location  will  be  made  in  order  to  observe  the  effect  of 
seasons  on  growtli  and  yield  of  the  different  vegetable  crops 
and  to  better  determine  the  disease  resistance,  yield,  and  (jual- 
ity  of  varieties.  (  Beanmont,  "Welch,  Thompson) 

Cooperative  arrangements  have  been  made  between  the 
departments  of  Chemistry,  Agronomy,  and  Pathology  to 
develop  pest-control  and  fertilizer  programs. 

Xitrof/ef)  rf(/)//'rcni('nfs  of  the  tomato.  The  tomato  is  one  of 
the  most  important  ti-uck  crops.  This  plant  is  extremely  sus- 
ceptil)le  to  vai'iations  in  soil  and  climatic  conditions,  wliicli 
affect  growtli  and  yield.  Tests  are  being  estal)lislied  at  the 
Jlaleakahi  ^Substation  and  at  Waipalui  to  determine  the  nitro- 
gen re(|uirements  of  tills  crop  when  gi-o\vii  under  different 
nutritional  and  light  conditions.  Nitrogen  and  ])h()S])liorus 
will  be  varied  independently  to  detei'iuine  the  optimum  treat- 
ment necessary  for  best  growth,  flowering,  and  fruiting.  The 
l)otassluiii  will  l)t'  maintained  at  a  constant  level  throughout. 
( Heaumont,  .Jones) 

PLANT  PATHOLOtiY 
The  services  of  the  pathologist  have  been  at  the  disposal  of 
the  varions  connty  agents  of  the  Agricultural  Extension  Serv- 
ice and  the  Experiment  Station,  and  diseased  material  of  a 
wide  range  of  crop  plants  has  been  examined  and  control 
recommendations  made.  Trips  have  been  made  to  the  islands 
of  Kauai,  Mani,  and  Hawaii,  and  field  snrveys  of  the  diseases 
of  taro  and  vegetalffes  completed  for  Kauai  and  Oahn.  Similar 
surveys  of  the  other  islands  are  nearly  complete.  Research 
work  of  the  department  has  comprised  two  projects,  ))atliolo- 
gical  investigations  on  taro  and  diseases  of  the  tomato. 

DISEASES  OF  TJIi:  l  AHO 

The  taro  plant  in  Hawaii  is  grown  either  as  an  irrigated 
crop  (  wet -land  taro)  or  as  a  non-irrigated  crop  (upland  taro). 
The  latter  type  grows  best  in  localities  where  precipitation  is 
upwards  of  100  inches  a  year.  Taro  is  a  relatively  long  sea- 
soned crop,  with  twelve  to  foui'teen  months  as  the  period  of 
growtli.  The  taro  plant  is  subject  to  a  number  of  diseases 
of  conn  and  leaf,  with  diseases  of  the  conn  taking  an  annual 
toll  of  from  l!.")  to  ."iO  per  cent  wherever  taro  is  gi'own  under 
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irrig-ation.  Leaf  spotting  organisms  sometimes  cause  much  leaf 
destruction,  but  owing  to  the  rapid  growth  of  the  plant  are 
not  considered  to  have  the  economic  significance  of  the  corm 
rots. 

Two  Major  Types  of  Corm  Rot 

Two  major,  distinct  corm  rots  affect  the  taro  plant.  The 


Plate  %. — Internal  hard  rot  of  the  ta.ro.  Cross  sections  of  the  taro  corm 
showing  the  progressive  development  of  the  disease  from  the  base  (1)  toward 
the  apex  (4).  Tlie  diseased  tissues  are  transformed  into  hard,  woody,  brownish 
yellow  areas. 

first  of  these,  a  mushy,  malodorous  rot  connnonly  called  "soft 
rot''  starts  from  tlie  end  or  lower  side  of  the  corm  and  may 
cause  partial  or  complete  loss  of  this  underground  portion  of 
the  plant.  From  this  type  of  rot  two  Phycomycetous  fungi 
have  been  isolated,  one  a  Pythium  as  yet  unidentified  but 
thought  to  be  the  same  as  mentioned  by  Carpenter^  and  by 


^Carpenter,  C.  W.  "Suggestions  for  reducing  losses  from  taro  rot,"  Mimeographed 
Sheet  No.  11,  Hawaii  Agricultural  Experiment  Station  Annual  Reports,  1917-1SIJ8. 

^Wright,  .J.,  '•Root  rot  of  Cocoyams,"  pp.  184-197,  19.30.  Department  of  Agricul- 
ture Gold  Coast  Year  Book  1930. 
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AVright-  and  tlie  other  1' li  i/fo j>hf luird  (■<>h>casi<it\  Kiic.  The 
hitter  is  a  eoiuinon  U*af  j^atho^en  of  taro  of  tlie  ii'ri<iate(l  type 
in  Hawaii.  Bacii/'a-s  caratocoiiis  usually  acfoni])anies  Pi/fh'nim 
sp.  and  P.  colocasiae  as  a  secondary  pathogen.  The  second  type 
of  I'ot  called  "internal  hard  rot"  or  "guava  seed'"  t I'aiisforins 
the  internal  vascular  system  of  tiie  corni  into  a  liard,  woody, 
yellowish-brown  to  dark  l)rown  mass,  useless  for  making  poi. 
(Plate  No.  (■))  The  term  "gua\a  seed*'  arises  from  tlie  resend)- 
lance  of  the  rotted  jiortion  in  its  early  stages  to  the  seed  of 
this  tropical  fruit  {Psldiiini  f/i/ajava).  All  isolations  from 
<liseased  nuiterial  have  been  negative  and  stained  microtome 
sections  have  also  revealed  no  i)athogen  within  diseased  tissues. 
The  possil)le  virus  or  ])hysiol()gical  nature  of  this  disease  is 
under  ccmsiderat ion.  Foliai'  symptoms  of  these  two  diseases 
ai'e  practically  absent  c.\ce[)t  for  an  occasional  yellowing  and 
stunting  of  the  affected  plants.  These  symptoms  vary  with 
taro  varieties  and  cannot  be  ivlied  upon  witli  any  degree  of 
accuracy. 

A  third  type  of  rot  occasionally  encountered,  but  of  more 
importance  as  a  storage  rot  than  as  a  field  rot,  is  caused  by 
Sclerotium  rotfKi'i.  easily  identified  by  its  chara.cteristic  sclero- 
tia.  In  only  two  cases  has  this  fungus  been  obtained  fi-om 
coi-ms  showing  .soft  rot.  (Parris) 

Transmission  of  Rot  Organisms  a  Complex  Process  in 
Submerged  Soils 

Laboratory  investigations  have  shown  that  Fyfh'niiu  sp. 
ami  Phj/tophthoid  colocofdae  are  relatively  weak  ])atliogens  of 
the  taro  corm.  Pot  tests  have  confirmed  laboratory  work  with 
Pi/tJi'niin  s[).  Taro  grown  in  sterilized  soil  later  infested  with 
Pi/thiinii  sp.  makes  excellent  gi'owth,  comparable  with  growth 
obtained  in  sterilized  soil,  and  nnich  better  growth  than  tai'o 
grown  in  non-stei'ilized  soil.  Kxcept  for  a  few  diseased  roots, 
taro  in  infested  soil  remains  healthy.  Both  organisms  are 
affected  by  the  pPI  of  the  medium.  Laboratory  tests  have 
shown  that  Pythiinu.  sp.  does  not  grow  readily  below  pH  5. 
There  is  little  disease.  Losses  range  from  40  to  100  per  cent 
due  to  corm  rot  when  the  pH  of  the  soil  is  at  or  above  the 
neutral  point.  ( Pari-is) 
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Drying  of  Tako  Soil  the  Best  Method  of  Disease  Control 

AH  attempts  to  reproduce  the  conn  rot  as  seen  under  field 
conditions  have  failed.  The  rot  as  seen  in  the  field  is  believed 
to  be  due  to  the  combined  action  of  the  two  Phycomycetous 
fungi,  either  separately  or  together  and  soil  conditions  unfa- 
vorable for  the  growth  of  the  plant.  In  a  saturated,  poorly 
aerated  soil,  high  concentrations  of  carbon  dioxide  and  other 
gases  together  with  toxic  substances  undoubtedly  play  a  part 
in  reducing  the  natural  I'esistance  of  the  taro  corm  to  attacks 
from  microorganisms.  This  belief  is  substantiated  by  the 
results  of  a  feAv  growers  who  have  been  able  to  reduce  losses 
by  drying  and  plowing  their  taro  soil  for  periods  of  from  two 
to  four  months.  This  practice,  involving  as  it  does  a  lapse  of 
time  between  jDlantings,  is  not  favored  by  the  average  gi'ower, 
and  at  jjresent  is  not  usually  followed.  The  return  of  all 
diseased  material  to  the  taro  soil,  a  common  pi'ocedure  of  most 
growers,  if  eliminated,  would  reduce  the  microorganismal 
population  of  the  soil. 

Disinfestation  of  the  taro  soil  Ivas  been  attempted  in  control 
of  corm  rot.  Substances  applied  to  the  soil  for  this  purpose 
include  sulphur,  copper  sulphate,  lime,  acetic  and  sulphuric 
acids,  borax,  mercuric  chloride,  chloropicrin,  semesan,  form- 
aldehyde, and  tetrachlorethane.  Applications  have  been  at 
various  concentrations  and  at  different  periods  in  the  growth 
of  the  plant  as  well  as  prior  to  planting.  The  best  time  of 
application  would  seem  to  be  prior  to  planting  during  plowing 
and  cultivation  of  the  soil.  No  field  data  on  treated  plots  are 
as  yet  available.  Applications  of  copper  sulphate  in  the  irri- 
gation Avater  have  been  tried  but  Avithout  encouraging  results 
due  to  unevenness  of  spread  of  the  chemical  over  the  soil. 
(Parris,  Bowers) 

Use  of  Clean  Planting  Material  and  Resistant  Varieties 
Offers  Possibilities  for  Disease  Control 

Thei'e  is  ]n-eliminary  evidence  to  show  that  internal  hard 
rot  may  be  transinitted  through  tlie  huli,  or  jilanting  material 
of  tlie  taro  plant  and  that  ludis  from  corms  showing  tliis 
disease  I'eproduce  the  disease  in  the  succeeding  crop. 
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Certain  A  irieties  of  taro  in  Hawaii  show  resistancf  to  corni 
lots  Upwards  of  50  taro  varieties  are  l)ein<i-  grown  in  localities 
where  disease  is  a  major  factor  in  production.  Kesults  will  be 
forthcoming  later.  Bi-eecling  for  disease  resistance  with  the 
taro  is  hampered  by  the  failure  of  the  taro  plant  to  set  seed 
under  field  conditions.  Possil)le  methods  of  ovei'coming  this 
barrier  are  being  studied  by  the  Department  of  Agronom}-. 
(  I'arris.  Bowers) 

Diseases  dk  thk  Tako  Leaf  Usually  Not  Serious 

There  are  two  fungus  diseases  which  cause  appi'eciable  leaf 
necrosis  of  taro  in  Hawaii.  Ph ijtoplithoiut  colofasidc  Uac.  may 
have  some  economic  significance  from  the  standpoint  of  the 
soft  rot  of  the  corm,  but  owing  to  the  speed  of  growth  of  the 
taro  plant,  whereby  a  new  leaf  is  ])roduced  every  seven  to  ten 
days,  spraying  or  dusting,  in  the  opinion  of  groAvers,  is  not 
economically  possible.  On  upland  taro,  Ph  i/Jhixficfd  coloca^/o- 
ph'tht.  Weed(m  occasionally  causes  much  leaf  destruction.  Here 
again,  spraying  or  dusting  does  not  seem  to  be  worth  the  cost  of 
ap])lication  except  in  cases  of  severe  attack,  which  are  rare. 
Both  fungi  are  favored  in  their  spread  and  infection  cool, 
moist  weather  accompanied  by  high  winds.  Should  it  be  found 
necessary  to  spray  or  dust  irrigated  taro,  special  machinery 
will  have  to  be  devised.  xV  species  of  Maci'ospoiiuni  causes 
small  yellowed  spots  on  both  sides  of  taro  leaves,  but  is  of  no 
economic  significance.  (Parris) 

DISEASKS  AND  INSECT  PESTS  OF  TO:\rATO 

The  islands  of  Kauai  and  (Jahu  have  been  carefully  sur- 
veyed for  diseases  of  tomato.  The  principal  fungus  diseases 
causing  losses  in  tlie  Territory  are  early  blight  {AUernaria 
solani)  and  Phonia  rot  {Phoma  destrudtiva) .  Wilt  {Fusarmm 
sp.)  is  sometimes  severe.  Mosaic  is  jirevalent  everywhere  often 
causing  light  set  of  fruit.  Blossom  end  rot  is  the  princijnil 
l)hysiological  disorder.  Insect  pests  are  abimdant  on  tomatoes, 
the  fruitworm  {CMoihlca  ohxolefa)  and  tlie  mehm  fly  causing 
much  damage.  Infestation  by  nematodes  occasionally  is  severe. 
Spray  programs  in  cooperation  with  variety  testing  investiga- 
tions by  the  Departments  of  Agronomy  and  Horticulture  are 
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planned.  The  possible  rotation  of  tomatoes  with  taro  is  under 
consideration.  (Parris) 

mSKASES  AND  INSECT  PESTS  OF  TKUCK  CROPS 

jN'Iost  of  the  diseases  and  insect  pests  found  are  common  on 
the  niainland  witli  control  measures  already  well  known.  Tlie 
l^revalence  of  disease  in  Hawaii  is  due  mamly  to  failure  of 
proper  application  of  fungicides  and  insecticides  at  the  appro- 
l^riate  time  by  the  farmer.  Demoiistration  experiments  with  a 
number  of  iu dividual  farmers  seem  to  be  the  answer  to  this 
problem.  Surveys  of  the  disease  and  insect  probleins  of  tlie 
islands  of  Oahu  and  Kauai  have  been  completed,  and  similar 
surveys  of  the  other  islands  are  planned. 

Following  is  a  list  of  fungus  diseases  and  insect  pests 
which  were  found  on  the  various  agricultural  croj)S  in  Hawaii. 
(Parris) 

Miscellaneous  Fungus  Diseases  and  Insect  Pest 

Asparagus.  Leaf  spot  {Cerospora  asparagi)  ;  red  spider  {Tet- 

ranychus  telarius). 
Avocado  (Persea  americana) .  Fruit  rot  {Gloeosporium  sp.) 
Begonia  (  Begonia  semperflo'rens) .  Nematodes. 
Banana    (Musa  cavenclishi).    Wilt    {Fusariutn  oxysporurii 

cubense). 

Beet  {Beta  vulgaris).  Leaf  spot  {Cercospora  heticola). 

Broccoli  {Brassica  oleracea  var.  hotrytis).  Leaf  spot  (Alter- 
naria  brassicae) . 

Beans  {Phaseolis  vulgaris).  Mosaic;  Leaf  spot  {Phoma  suh- 
circinata)  ;  Leaf  spot  (Phytomonas  phaseoli)  ;  Anthra- 
cnose  {Golletatrichum  Undemuthianun)  ;  Mexican  bean 
beetle  {Epilachna  corrupta). 

Chrysanthemum.  Leaf  spot  [Puccinia  chrysanthemi) . 

Canavalia  (cult.).  Leaf  spot  {Septoria  canavaliae) . 

Cantaloupe  (Cucumis  rnelo).  Anthracnose  (Colletofrichinn 
lindewMthiamom)  ;  Melon  worm  {Diaphania  nitidcdis). 

Cal)bage  {Brassica  oleracea  var.  capitata^.  Leaf  spots  {Phoma 
lingam,  Bacterium  campestre^  and  Alternaria  brassi- 
cae) ;Web  worm  {TlcUula  undalis). 
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CiKnimhcr  {('iicinii/s  sofiru.s).  Mosaic;  Mildew  { Psei/dopJas- 

iitopuni  cnhcinslx)  \  Melon  worm  {Diapficniid  lut'/dalis). 
Carrots  (I><tii(us  cnrohi  var.  satlra).  Leaf  spot   {(' c noxpora 

apii  (■(irofdc)  :  Root  I'ot  (Sclctof'niin  lolfsii). 
Cassava  {Maiiihot  iitilJ/'<xhiHi) .  Leaf  s\)ot  {('crcuxpora  s]).). 
Celery  (Apiinn  (/i-avcolcns  \ar.  (Juice).  Leaf  spot  {IScptor'ni 

(ip'i'i  pi  t roHi'l'nn)  ;  A])i(ls  [Apliix  sp.). 
Corn   ['At'ii  iHiij/s).  ]\[()saic;  Coi'ii  ear  worm  {TI cJioth/.s  o7>.so- 

h  t(i ) . 

Daikoii  ( phd  II  ih-i         .    Leaf  spot  {('crcospoi'd  s^y.) . 
Kaii-plant    [iSolanum  MeJotu/c lui  ) .   Leaf  spots   {  (  'ercosipoi'a 
iii('lon(/(ie  and  Scpfoi-ld  h/copcixlc/)  ;  "Wilt  {Fw^diiKiii 

Lily  (L'lVidiii  loiKj!  flora  m) .  IMosait'. 

Letluee  (Ldcfiicd  .'sdtird).  Leaf  spot  {Scpfor/d  hict dcdc)  \ 
Heart  I'ot  { Bacteriiiiii  ritidiis). 

Jjiipiiie  [Liipli'ds  ft/isuf  lis) .  \\\\\  [F  d.fd  ri  II  III  sp.  and  Nema- 
todes). 

Alaea<lamia  [Mdidihiiii'id  firnfoiiii).  Fruit  spot  ((riocospoi  'ni m 
sp.). 

Man<>'o  (Mdiicftfcid  sp.).  Dieback  {Botii/ospluwrid  lihix). 
^lustard  (^dihaue  [Bnissicd  iiigm).  AMiite  rust  {Ail>ii(/d  cdii- 
il'dld ) . 

Onion  [All  ill  III  Cr'pa  and  Allium  pot-rum).  Leaf  spot  {Miuro- 

spx)  rill  III  sp.)  ;  Thrips  (Thrips  tahdci) . 
Para  (xrass  (Pdiuiinn  piirpiirdxrwiis).  Leaf  si)ot  [Hcl mi ntJio- 

sporium  sp. ) . 

Potato  (Soldiiiiiii  f iilir rosii III ) .  Tuher  rot  (Fiisdriiiin  sp.)  ;  Late 
blight  (  rii  iifophJhord  infcstdiis)  \  Early  lilight  {Altcr- 
iiiiriii  so/diii)  :  Wilt  (Fusarium  o.rj/s/iorum)  ;  ^Nfosaie; 
Kliizoctonosis  [lihizoeforiid  soh/tii)  ;  Scab  (  Acfi  iioiri  yces 
scabies) . 

Pumpkin  {Cucurhitd  Popo).  Mosaic;  ^lildew  (I'xciiilopldsino- 

para  cuhcnxis ) . 
Pea  (  ]'i(id  fdhd).  Mosaic;  Leaf  spot  [Plu/llosfictd  sp). 
Pepper  {Capsicinu  f  riitescens) .  Leaf  spot  and  fruit  blight 

(Glocosporium  S]).)  ;  Leaf  spot  {Bdi  tcriiiiii  resicdfor- 

iiiiii)  ;  Red  spider  {Tcfriiiiip-hus  sp.). 
Peanut  (  A  rdchis  h  1/  poijcd) .  Leaf  ?\)ot  (( 'e  rcos  jioni  jic  rxoiuitd) . 


40  Iluicau  Agricultural  E .v periment  Station 

Rice  {Oryza  saliva).  Blast  {Piricularia  oryzae). 
Roselle  {Hibiscus  sctbdarijfa) .  Root  disease  {Fusarium  radi- 
cicola) . 

Radish  {Raphanus  satiims).  White  rust  { Albugo  Candida); 

Web  woi'm  {Ilellula  undalis) . 
Sorghum  {Holcus  sp.).  Smut  {Sphacelotheca  sorghi)  ;  {Holcus 

hcdepensis)  Rust  (Puccinia  purpurea) . 
Arrowhead  {Sagittaria  sagittifolia) .  Leaf  spot  {Pestalozzia 

sp.). 

Spinach  {Spinacia  oleracea) .  Blight  {Virus). 
Strawberry  {Fragaria  sp.).  Leaf  spot  {Mycosphaerella  fra- 
gariae). 

Watermelon  {Cucumis  Mela).  Anthracnose  {Golletotrichum 
lagenarium)  \  Mosaic;  Mildew  {Pseudoplasmopara  cu- 
bensis). 

Zanthium.  Rust  {Puccinia  zanthii) . 

CHEMISTRY  AND  SOILS 

FERTILIZER  EXPERIMENTS  WITH  TRUCK  CROPS 

Potato 

The  acreage  of  early  potatoes  grown  in  Hawaii  duiing  the 
winter  is  exioanding  rapidly  each  year.  During  the  past  sea- 
son a  total  of  nine  field  experiments  was  completed.  This  in- 
cludes six  large-scale  experiments  of  120  plots  each  installed 
on  sugar  plantations.  In  previous  experiments  on  pineapple 
lands  potatoes  had,  in  nearly  all  instances,  shown  a  very 
marked  response  to  phosphates,  a  moderate  response  to  nitro- 
gen, and  no  response  to  potash.  The  i)resent  experiments  on 
sugar-cane  lands  showed  the  response  of  potatoes  to  fertilizer 
to  be  quite  A'arial)le,  but  in  general,  showed  mucli  less  response 
to  fertilizer,  particularly  phospliorus,  than  similar  experiments 
on  pinea2)ple  lands. —  (Fig.  1) 

In  tlie  current  year's  experiments,  nitrogen,  as  ammoniuju 
sulphate,  in  excess  of  90  pounds  per  acre  caused  a  depression 
in  yields.  This  was  in  no  case  due  to  excessive  topgrowth  but 
rarlier  api^eared  to  result  from  ''buining"  during  early  stages 
of  the  growth.  Tliis  phenomenon  emphasizes  the  need  of  fer- 
tilizer-placement studies.  Such  studies  elsewhere  with  potatoes 
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Figure  1. — Yield  responses  of  ijotiitoes  to  phosphate  lertilization.  constant  and 
ample  amounts  of  nitrogen  and  potash  being  applied  in  all  treatments. 

and  other  crops  have  enipliasized  the  need  of  correct  place- 
ment of  fertilizer.  The  problem  of  increasing  yields  would 
seem  to  be  one,  in  most  instances,  of  increasinp-  the  amount  of 
topgrowth  and  prolonging  the  growth  period.  In  spite  of  very 
heavy  applications  of  nitrogen  fertilizer,  there  Inis  been  lu) 
instance  in  which  the  topgrowtli  has  appeared  excessive. 

Study  of  the  absorpti<m  of  tVitilizer  by  the  potato  i)laiit. 
I  he  fertilizer  residues  remaining  in  the  zone  of  application, 
and  the  extent  of  leacliing  of  the  ai)i)lied  fertilizer  into  the 
subsoil  was  begun.  A  numbei-  of  individual  i.'otato  hills  was 
harvested  from  the  several  treatments  in  three  field  experi- 
ments. Corresponding  surface  (0  to  6  inches)  and  subsoil  ((i 
to  VI  inches)  samples  of  soil  were  taken  fi-om  each  hill  ha- 
vested.  Tlie  sui'face  sample  thus  taken  contained  all  fertilize:' 
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still  remaining  in  the  zone  of  application.  Analyses  of  tlie  soil 
samples  for  soluble  nitrates  and  ammonia,  available  phos- 
phorus and  potash,  showed  considerable  amounts  of  the  fer- 
tilizer still  available  and  in  the  zone  of  aj)plication  Avith  little 
increase  in  available  fertilizer  in  the  6th  to  12th  layer.  These 
data,  although  of  a  preliminary  nature,  show  the  need  of 
further  studies  on  placement  of  fertilizer. 

Other  Truck  Crops 

An  experiment  in  the  Volcano  District  comparing  the 
efficacy  of  organic  and  inorganic  fertilizers  for  cabbage  was 
continued  through  the  fourth  crop.  Results  indicate  that 
organics,  particularly  fish  scrap,  are  superior  to  an  all-mineral 
fertilizer  of  similar  plant  food  content.  It  is  not  yet  proved 
that  the  superioi'ity  is  sufficient  to  offset  greater  cost  of  organic 
fertilizer. 

Small-sized  coojDerative  experiments  with  the  Agricultural 
Extension  Division  and  various  growers  have  been  conducted 
on  watermelon,  asparagus,  rice,  and  sweet  potatoes.  While  such 
expeiiments  are  not  adapted  to  measurement  of  small  differ- 
ences, they  are  effective  where  large  response  to  fertilizer  is 
found  and  they  furnish  a  basis  for  a  general  survey  of  soil 
fertility  of  the  many  soil  types  in  the  Islands.  (Ripperton, 
Edwards) 

SOIL  INVESTIGATIONS 

Correlation  of  Results  of  Field  Experiments  with 
Laboratory  and  Greenhouse  Tests 

In  connection  with  the  vax'ious  field  experiments,  correlating 
Mitscherlich  pot  tests,  as  well  as  numerous  physical  aiid  chem- 
ical tests,  are  run  on  soils.  These  latter  include  moisture 
equivalent,  pH,  oxidation-reduction  potential,  organic  matter, 
total  nitrogen,  water  soluble  nitrates,  ammonia  nitrogen,  avail- 
able phosphorus,  and  replaceable  potash.  In  addition,  so-called 
rapid  chemical  tests  are  being  run  on  all  soils.  With  the  mul- 
tiplicity of  soil  types  and  crops  with  Avhich  the  Station  must 
deal,  laboratory  and  pot  methods  are  not  as  yet  to  be  consid- 
ered a  safe  criteria  of  fertilizer  needs  unless  substantiated  by 
actual  field  experiments.  (Edwards,  Eipperton,  Watanabe) 
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Moisture  Surface  Force  Curves 

Tliree  methods  of  rapidly  locatiii^i'  tlie  moisture  content- 
surface  force  curve  for  local  soils  as  an  indirect  measure  of 
jjernument  wilting  percentage,  have  been  explored.  One  of 
these  developed  locally  and  involving  the  continuous  slow 
agitations  of  the  sample  in  atmospheres  of  specified  relative 
humidities  has  been  abandoned  because  of  practical  dift'icul- 
ties  although  acceptable  results  have  been  obtained. 

In  conunon  with  other  stations,  local  work  indicates  that 
the  use  of  desiccators  carrying  sulphuric  acid  of  specified 
densities  permits  the  rapid  and  accurate  location  of  the  sur- 
face force  curve  along  its  drier  arm,  while  the  freezing  point 
depressioir  is  a  suitable  means  in  the  wetter  region.  In  this 
sense  the  two  procedures  are  nicely  complimental.  Complete 
curves  for  three  soils  of  wude  local  occurrence  have  been  drawn 
and  a  standardized  procedure  developed  by  which  the  apjjroxi- 
mate  premanent  wilting  percentage  of  a  soil  or  a  soil  separate 
may  be  expeditiously  determined.  From  the  limited  nmnber 
of  soil  samples  studied,  the  permanent  wilting  of  plants  seems 
to  occur  when  a  pF  on  the  Schofield  de  Costa^  scale  of  about 
4.0  has  been  reached.  This  is  acceptably  close  to  the  value 
reported  by  these  workers. 

Present  plans  call  for  the  use  of  this  procedure  for  the 
indirect  determination  of  the  permanent  wilting  percentage  of 
colloidal  separates  prepared  in  such  ways  that  the  effects  of  the 
more  common  constituents  may  be  identified.  The  proposed 
procedure  involves  the  elimination  of  iron  oxide  and  the  alum- 
inosilicates  from  separate  lots  of  the  colloidal  material.  (Wads- 
worth)  • 

Oxidation-Reduction  Potential 

Using  the  technique  of  Rradfield,  Batjer  and  Oskamp^ 
oxidation-reduction  potentials  (eH)  were  obtained  for  several 
hundred  soils.  This  measurement  is  an  index  of  aeration.  The 
total  range  was  from  534  to  824  millivolts  for  upland  soils  and 
157  to  610  for  submerged  soils  all  corrected  to  a  pH  of  3.0. 

'Schofield,  R.  H.  and  De  Costa  (1935).  The  determination  of  the  pP  at  permanent 
wilting  and  moisture  by  the  freezing  point  method.  Proceedings  of  the  Third  Inter- 
national Soil  Science  Consress,  Oxford.  1935. 

'Bradfield.  Richard,  Batjer,  L>.  P..  and  Oskamp,  Joseph  (  1933).  The  Sig-nificance 
of  tlie  O.Kidation-Reduction  Potential  in  Evaluating  Soils  for  Orchard  Purposes. 
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In  general  the  submerged  soils  having  the  higher  eH  value 
were  the  most  producti^'e  for  taro.  Addition  of  powdered 
manganese  dioxide  to  ujiland  manganese  free  soils  in  amounts 
up  to  10  per  cent  caused  an  increase  in  eH  value  from  715  to 
780  millivolts.  Chlorosis  failed  to  develop  in  pot  tests  with 
rice  using  both  types  of  soil  even  with  additions  of  10  per  cent 
of  manganese  dioxide.  Yields  in  the  pot  experiment  were  not 
influenced  by  the  presence  of  manganese  dioxide.  (Magistad, 
Fukunaga) 

COrFEE  INVESTIGATIONS 

Fertilizer  Experiments  Show  Conclusive  Results 
IN  KoNA  District  of  Hawaii 

A  statistical  analysis  was  made  of  the  results  to  date  from 
fertilizer  experiments  in  the  Kainaliu,  Holualoa  and  Kealake- 
kua  sections  of  Kona.  The  following  conclusions  may  be 
drawn : 

Kainaliu.  When  (J-year  crop  averages  are  considered,  phos- 
phoric acid  in  conjunctio]i  witli  nitrogen  and  potash,  has  not 
given  statistically  significant  increases  in  yields  over  nitrogen 
and  potash  alone.  Potash,  along  with  nitrogen  and  phosphoric 
acid,  gives  approximately  three  times  as  great  an  average 
yield  as  does  nitrogen  and  phos]3horic  acid  without  potash. 
Nitrogen  alone,  and  nitrogen  and  phosphoric  acid  are  poorer 
treatments  than  no  fertilizer  at  all.  By  means  of  a  moving- 
average  of  the  yields  of  each  of  the  treatments,  it  has  l)een 
shown  that  those  treatments  Avhich  receive  potash  have  in- 
creased in  producing  poAver  over  tlie  6-year  period,  while  those 
treatments  not  including  potash  have  steadily  decreased.  By 
this  same  device,  the  l^eneficial  effects  of  phosphoric  acid  Avhen 
accomjDanied  by  nitrogen  and  potash,  are  shown  to  be  increas- 
ing. (Fig.  2) 

Holualoa.  Results  of  a  2-year  average  show  tliat  the  liigh 
potash  treatments  have  given  the  liighest  yield. 

Kealakehua.  Differences  in  yield  were  statisticallv  signifi- 
cant even  at  the  end  of  the  first  crop,  due  to  a  much  smaller 
exjjerimental  error  than  in  the  other  experiments.  Tiiis  smaller 
error  is  due  partly  to  the  topping  system  of  iiruning  wliich  is 
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/930-3/        I93/-3Z      /932-33      /933-34-  /934-35 
YEAR   ( MOV/ NO  AVERAGE,  K--Z) 

Figure  2. — Trend  of  yiflils  cpI  rufl'i-.-  at  lln-  Kainaliu  Kfitiiizei'  lOx  ppri  men  I , 
Kona,  Hawaii. 

employed  and  partly  to  the  longer  bearino-  season  induced  by 
the  higher  altitude.  Tlu'  results  show  that  both  nitrooen  and 
potash  have  produced  si<>nificant  yield  i-esponses.  (  Kipi)erton. 
Edwards) 

DiKii.M  K  OF  Coffee  Studied  in  New  E.xi'eriment 

The  coffee  die-back  experiment,  established  in  1!);!4  (o  study 
the  effect  of  A^arions  methods  of  restrictinu'  the  be;irin<:-  surface 
in  causing-  die-back  was  discontinued.  Die-back  was  not  a])pre- 
ciable  in  any  of  tlie  treatments.  Two  of  the  pruniuL;-  mefliods 
used  a2)pear  feasibU'  in  conuiiercial  practice,  lirst.  complete 
remoA'al  of  about  one  thiid  of  i  he  pi'imary  laterals  in  the  sec- 
tion of  the  vertical  whei-e  tlie  bearing  surface  is  excessive  and 
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second,  restriction  of  bearing  surface  by  single  and  double 
capping  of  the  developing  verticals. 

A  new  experiment  Avas  laid  out  at  a  lower  elevation  where 
die-back  has  been  severe  during  the  past  two  or  three  years. 
Tlie  treatments  are  designed  to  show  the  etfects  of  pruning, 
fertilizer  formula,  and  increased  organic  matter  upon  the 
prevalence  of  die-back  as  f oUoavs  . 

(a)  Pruning:  A  comparison  of  the  usual  pruning  practice 
with  one  which  restricts  the  bearing  surface  by  cap- 
ping and  cutting  out  excess  primary  laterals.  This 
comjjrises  all  of  the  best  pruning  methods  developed 
in  the  previous  experiment. 

(b)  Fertilizer  formula  :  Comparison  of  4  fertilizer  formu- 
las as  follows :  8-8-8,  8-4-12,  4-8-12,  12-0-12. 

(c)  Cotfee  pulp  augmented  by  commercial  fertilizer  to 
build  the  treatment  up  to  the  8-4-12  level  of  fertiliza- 
tion. 

Thei'e  are  6  treatments  replicated  6  times  and  arranged  as 
a  Latin-square.  Each  plot  consists  of  2  trees  Avith  ditches  dug- 
bet  ween  plots  to  jDrevent  crossing  over  of  roots  from  one  plot 
to  another. 

Currently  Ioav  prices  of  coffee  are  forcing  the  groAvers  to 
curtail  fertilizer  applications.  This  has  emphasized  the  im- 
portance of  adapting  the  fertilizer  fornmla  more  closely  to 
the  economic  returns,  and  formulas  of  the  order  of  8-5-13  are 
in  demand  oA^er  the  older  formulas  of  approximately  8-8-8. 
The  use  of  coffee  pulp  as  a  paitial  substitute  for  mineral  fer- 
tilizers is  on  the  increase.  Some  farmers  dry  and  grind  the 
pulj3  at  the  end  of  the  picking  season  and  mix  it  Avith  mineral 
fertilizer.  Composting  experiments  Avith  coffee  pulp  at  the 
Kona  Substation  have  demonstrated  that  a  pile  of  pulj)  will 
remain  for  a  year  Avith  practically  no  decomposition  within 
the  pile.  Alternating  parchment  or  other  coarse  dry  material 
Avith  layers  of  coffee  pulp,  permits  aeration  and  effective  de- 
composition in  small  j^iles.  Such  decomposition  results  in  some 
loss  of  nitrogen  and  organic  matter.  It  still  remains  an  oiDen 
question  Avhether  the  labor  required  to  prepare  composts  and 
dry  the  resultant  materials  could  not  be  more  profitably  applied 
toAvard  retui-ning  the  undecomposed  pulp  to  the  field.  In  this 
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case,  on  decomposition  tlie  nitrogen  is  mostly  retained  by  the 
soil.  Many  good  farmers  contend  that  decomjjosition  of  this 
pidp  in  the  field  has  no  deleterious  etfect  on  the  coifee  tree. 
(  Ri})[)ei't()n.  Edwards) 

Chemical  Changes  in  Coffee  Cherry  and  Soils  from 
Continuous  Fertilizer  Experiments 

Samples  of  cotfee  cherry  and  soil  are  being  taken  annually 

from  each  treatment  of  each  of  the  tliree  continTU)us  fertilizer 

experiments  in  Kona.  A  total  of  IT  samples  of  coffee  cherry 

from  these  experiments  was  collected  during  the  year.  Each 

sample  was  subdivided  into  pulp  and  l)ean  and  analyzed  for 

nitrogen,  calcium,  magnesium,  phosphorus,  potassium,  and 

total  ash. 

Corresponding  soil  samples  were  analyzed  for  moisture 
equivalent.  pH,  total  and  available  nitrogen,  available  phos- 
phoric acid  and  potash,  and  eH  (oxidation-reduction  poten- 
tial). Table  6  shows  the  striking  diti'erences  found  in  the 
Kninaliu  experiment  at  the  end  of  the  sixth  crop. 

Table  6 — Changes  in  pH,  eH  and  replaceable  potash  of  the  soil  in  the 
Kainaliu  coffee  fertilizer  experiment  resulting  from 
6  years  cf  unbalanced  fertilization. 


Fertilizer 
Treatment 

Yields  of 
coffee  cherry' 
per  acre 

pH 

eH 

Replaceable 
potash 
per  cent 

Cwt. 

N-P-K 

191.7 

4.82 

.  !l  7  0 

.043 

N-P 

17.4 

4.57 

.677 

.011 

N-K 

147.9 

4.75 

.931 

.045 

N 

17.3 

4.5 

.691 

.014 

Check 

31.7 

5.7 

.82  6 

.011 

il!)35  crop. 

The  localized  etfect  of  fertilization  is  most  striking  and 
correlates  directly  witli  difl'erences  in  yields.  These  soil  sam- 
l)les  were  taken  to  a  depth  of  G  inches  at  the  periphery  of  the 
tree  where  fertilizer  is  applied  each  year  and  heiu'c  do  not 
represent  llie  entire  soil  mass  to  a  depth  of  (i  inches.  The  prac- 
tice of  applying  the  fertilizer  on  the  surface.  i]i  the  same 
location  each  }ear.  and  without  any  appreciable  stirring  of 
(lie  soil  tends  to  induce  excessive  root  development  with  the 
result ani  tcndciicy  to  marked  soil  changes  in  this  localized 
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area.  The  significance  of  these  data  with  respect  to  the  nutri- 
tion of  the  coffee  phmt  or  tlie  quality  of  the  coffee  bean  nuist 
depend  on  additional  A\  ork. 

A  statistical  analysis  was  ]}iade  of  the  results  of  analyses 
of  coffee  cherry  during  the  past  two  years.  The  chief  conclu- 
sions are  that  potash  fertilization  causes  a  marked  and  signi- 
ficant inciease  in  the  potash  content  of  pulp  and  bean.  The 
effect  of  niti'ogen  fertilization  upon  the  composition  of  the 
IDulp  is  inconclusive,  but  it  jjroduces  statistically  significant 
increases  of  nitrogen  in  the  bean.  The  percentage  of  phos- 
phoric acid  present  in  samples  of  pulp  is  affected  but  slightly 
by  the  presence  of  jDhosphate  in  the  fertilizer  ap^Dlied,  its  per- 
centage in  the  ]Dulp  being,  in  any  case,  low.  In  the  case  of  the 
samples  of  bean,  the  response  to  phosphoric  acid  is  not  signi- 
ficant but  is  much  larger  than  in  the  pulp  samples.  The  per- 
centage of  this  element  in  the  bean  is  approximately  three  times 
that  in  the  pulp. 

The  percentage  of  calcium  in  both  pulp  and  bean  shows  a 
positive  correlation  with  the  percentage  of  potash  while  mag- 
nesium is  an  inverse  function  of  the  percentage  of  calcium, 
potash  and  of  total  yield.  (Edwards,  Rijiperton,  Watanabe) 

MACADAMIA  NUT  INVESTIGATIONS 

Hand  Cracking  and  Grading  Rough  Shell  Macadamia  Nuts 
IN  Kona  a  Feasible  Procedure 

SiJecial  attention  has  been  given  the  methods  of  handling 
the  rough  shell  variety  now  being  grown  in  the  Kona  District. 
This  variety  is  generally  regarded  as  inferior  to  the  smooth 
shell  variety,  by  the  pi'esent  trade,  which  has  been  developed 
by  growers  of  the  smooth  shell  variety.  The  Kona  growers 
thus  find  it  dift'icult  to  market  their  nuts.  A  cooj)erative  proj- 
ect was  cai-ried  on  with  the  growers  to  determine  the  feasibility 
of  curing,  hand  cracking,  and  grading  the  nut  in  Kona.  The 
nut  collections  of  the  various  growers  Avere  brought  to  Kailua 
weekly  where  they  were  husked,  cured,  hand  cracked,  and 
water  graded  to  eliminate  the  culls.  It  has  been  found  that 
macadamia  nuts  with  a  specific  gravity  greater  than  unity  are 
of  inferior  quality.  Throughout  these  various  operations,  the 
nuts  of  the  different  growers  were  kept  sej^arate,  so  tliat  pay- 
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ment  to  the  grower  could  be  made  on  the  basis  of  pounds  of 
grade  1  nuts  rather  than  on  gi-oss  weight  of  nuts.  A  total  of 
1200  pounds  of  kernels  were  received  in  Honolulu,  where  they 
were  dehydrated  and  stored  for  subsequent  sale.  Results  of  the 
season's  work  indicate  that  the  liand  cracking  of  the  nuts  at 
Kailua  is  feasible  with  the  proper  facilities  for  handling  the 
nuts.  The  quality  of  nuts  from  the  various  growers  varied 
from  worthless  to  good  quality.  The  poorest  nuts  required  30 
pounds  of  unshelled  nuts  to  produce  one  pound  of  grade  1 
kernel,  while  the  best  required  but  4.3  pounds.  A  characteristic 
of  the  rough  shell  variety  is  tliat  of  underfilling  or  of  dropping 
ott  prenuvturely.  This  was  well  exemplified  in  Table  7  which 
shows  the  striking  improvement  in  equality  as  the  season  pro- 
gressed. The  December  shipment  of  all  growers  averaged  but 
28  per  cent  grade  1  kernels,  while  the  final  shipmeni  made  five 
months  later  average  85  per  cent.  (Ripperton,  jNIoltzau) 


Table  7 — Progressive  Changes  in  the  Quality  of  Kona  Rough  Shell 
Macadamia  Nuts  throughout  the  bearing  season. 


Date  received 

Proportion  of 
kernel  in  nut 

Proportion  of 
Grade  1  kernels 

Pounds  nut  required 
to  give  one  pound 
of  Grade  1  kernels 

Per  cent 

Per  cent 

12-  -35 

21.69 

27.88 

16.54 

2-17-36 

No  data  available 

44.48 

3-7-36 

26.44 

53.37 

7.09 

3-17-36 

25.5 

70.80 

5.54 

3-26-36 

24.55 

65.49 

6.22 

5-7-36 

23.53 

79.94 

5.32 

5-25-36 

27.03 

84.91 

4.35 

Considerable  Latitude  in  Curing  Conditions  Possible 
Without  Affecting  Quality  of  Nuts 

The  curing  and  storage  of  macadamia  nuts  is  still  on  a 
small  lot  basis  with  little  actual  data  available.  During  the 
curino-  period  the  freshly  gathered  nuts  are  husked,  and  slowly 
dried  in  shallow  layers  in  trays  with  adequate  air  circulation 
for  about  three  -neeks  or  until  the  moisture  content  is  3  per 
cent.  Variations  of  this  procedure  which  were  studied  were 
storage  of  the  unhusked  nuts  in  sacks,  air-drying  before  husk- 
ing, sun-drying  of  husked  nuts,  drying  of  the  husked  nuts  at 
elevated  temperatures,  drying  the  husked  mits  in  a  specially 
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designed  stack  dryer  in  which  conditions  of  temperature  and 
humidity  of  the  circuhiting  air  can  be  controlled,  and  the  use 
of  desiccants  in  the  final  stages  of  curing.  Moistui-e,  sugars, 
and  oil  content  were  determined  at  intervals  and  cooking  tests 
were  made  to  determine  the  effect  on  quality.  Partial  results 
indicate  that  with  adequate  circulation  of  air,  considerable 
latitude  is  possible  in  handling  the  nuts  during  the  curing 
period.  The  unhusked  nuts  held  in  sacks  for  one  week  had 
developed  a  distinct  musty  flavor.  Sun-drying  rediiced  the 
moisture  content  from  23  per  cent  to  2.8  per  cent  in  one  week's 
time  and  the  quality  of  the  cooked  product  appeared  somewhat 
superior  to  nuts  cured  by  the  regular  procedure.  Where  a  hot, 
dry  location  is  available,  sun-drying  may  be  a  pi'acticable 
method.  For  factory  curing,  tJie  stack  dryer  appears  to  have 
important  commercial  possibilities  in  economy  of  space  and 
hand  labor  and  a  more  exact  control  of  conditions  of  cui'ing 
than  is  possible  Avith  the  present  tray  method.  (Eipperton, 
Moltzau) 


THE  STEROLS  OF  TROPICAL  OILS 

The  studies  described  in  the  annual  report  of  the  Station 
for  1935  of  the  sterols  of  tropical  oils,  namely,  avocado,  kukui- 
nut,  china-wood,  chaulmoogra,  and  coconut  Avere  continued. 
Methods  of  obtaining  oil  supplies  with  high  sterol  content,  of 
isolating  satisfactory  supplies  of  unsaponifiable  portions  of 
oils,  of  identifying  sterols,  and  of  establishing  physical  con- 
stants were  investigated.  Extensive  studies  were  made  on  me- 
thods of  purifying  sterols  obtained  from  various  oils. 

SuitahJe  oil  supplies.  Investigations  have  shown  that  ordin- 
ary commercial  grades  of  oils  as  secured  on  the  market  are 
low  in  sterol  content,  and  hence  make  poor  soux'ces  of  sterols 
for  chemical  studies.  The  explanation  lies  in  the  fact  that  a 
large  portion  of  the  sterols  present  in  the  natural  oils  to  the 
extent  of  only  about  one  per  cent  is  lost  in  the  settling,  de- 
colorizing, filtering,  and  other  purification  processes  to  which 
the  oil  is  subjected  in  commercial  treatment.  Oil  supplies  must 
be  prepared  either  by  hand  or  under  personal  supervision  in 
order  to  insui-e  the  maximum  yield  of  sterol  fraction. 
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Isolation  of  u nsu pon'/fiuljJe  portion  of  oil.  Tlie  detailed 
luetliod  used  for  isoiating  the  sterols  from  the  respective  oils 
was  described  in  a  previous  I'eport'  and  has  continued  to  serve 
as  a  satisfactory  procecUue  from  the  standpoints  of  purity  and 
yield  of  sterols.  The  following  tal)le  sliows  yields  of  sterols. 


Table  8 — Yield  of  sterols  from  oils  of  different  sources 


Source  of  oil 

Number  of  runs 

Weight  of  oil 

Unsaponiflable 
portion 

grams 

per  cent 

Avocado 

9 

3650 

1.583 

Kukui-nut 

5 

1890 

0.781 

China-wood 

3 

1200 

0.442 

Chaulmoogra 

8 

3000 

0.337 

Coconut 

4 

1200 

0.264 

'Hawaii  AgricuUural  Experiment  Station  Report,  1931  (1932)  Bilger.  L.  N., 
Yoiingr.  W.  Y..  and  Robbins.  R.  C.  Report  of  special  avocado  chemical  inve.stiga- 
tions. 

Identification  of  sterol  f /■action.  Tlie  crude  sterols  from  the 
various  oils  Avere  subjected  to  (jualitative  tests  in  order  to 
identify  them  as  lielongino-  to  the  large  group  of  organic  sub- 
stances known  as  the  "sterols''  or  "solid  alcohols."  The  Whitby 
"A"  color  reaction  gave  definite  positive  results  for  all  samples 
except  ehina-woocl  oil,  but  the  Whitl)y  "B"  color  reaction 
strongly  confirmed  this  doubtful  case  as  well  as  all  the  othei'S. 

A  recheck  of  the  molecular  weight  of  avocado  sterol  as 
determined  by  the  lowering  of  the  freezing  point  {■)7^>.-2)  was 
performed  by  the  camphor-fusion  method  (36-l.-i).  Good  agree- 
ment was  secured  for  this  one  sterol,  and  the  method  will  be 
used  on  the  other  sterols  when  they  have  been  purified  sutli- 
ciently.  Melting  points  of  the  crude  fractions  were  determined 
in  order  to  predict  the  amount  of  purification  iieeded.  The 
results  were  low  and  not  sharp,  indicating  the  presence  of 
ini2)urities  which  must  be  removed  by  purification  processes. 

Purification  of  Sterol  F ractio)if<.  The  method  of  purifica- 
tion previously  used  on  the  avocado  sterol  was  to  crystallize 
repeatedly  from  hot  aldehyde-free  alcolu)l.  High,  sliarp.  melt- 
ing-points were  secured,  indicating  practically  pure  samples, 
but  the  method  was  found  to  be  very  wasteful  of  luatei'ial.  The 
low  yields  of  other  sterols  rendei'ed  this  method  ])r()]iibit i ve 
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and  therefore  studies  Avere  initiated  to  determine  how  the  bulk 
of  sterol  could  be  separated  from  the  accomiDanying  impurities 
in  one  operation. 

Chilled  petroleum  ether  was  found  to  dissolve  pigment  im- 
purities very  well,  but  only  small  quantities  of  solvent  with 
relatively  large  amounts  of  crystalline  material  could  be  used 
advantageously.  The  preparation  of  sterol  digitonides  and 
treatment  of  the  digitonides  with  inert  solvents,  including 
xylene  and  pyridene,  were  investigated.  Boiling  with  xylene 
resulted  in  incomplete  splitting  and  partial  decomposition.  The 
results  with  pyridene  were  more  j^romising  and  its  use  is  under 
investigation  at  the  present  time.  In  order  to  separate  singly 
and  doubly  unsaturated  sterols,  di-brom  and  tetra-brom  ace- 
tates were  prepared  by  acetylation,  bromination,  and  reduction. 
Poor  yields  were  obtained  but  the  j^rocedures  are  under  con- 
tinued study.  When  satisfactory  yields  of  j)ure  sterols  have 
been  prepared  from  the  five  oils,  a  study  of  chemical  composi- 
tion, constitution,  and  classification  of  the  sterols  will  be  made. 
(L.  N.  Bilger) 

IODINE  CONTENT  OF  HAWAIIAN  SOILS  AND  ROCKS 

The  determination  of  the  iodine  content  of  Hawaiian 
waters,  fruits,  vegetables,  marine  foods,  and  eggs,  described  in 
previous  rej^orts  was  extended  to  rocks  and  soils  and  an  inves- 
tigation of  poultry  and  meats  was  begun. 

Thirty-one  soils  and  six  rocks  were  studied.  In  order  to 
make  the  investigation  uniform  over  the  islands,  soils  and  rocks 
were  secured  from  the  islands  of  Hawaii,  Maui,  Kauai  and 
Oahu.  Soil  siDecimens  were  taken  from  dry  and  wet  fields, 
from  fertilized  and  unfertilized  areas,  from  flower  beds  and 
from  mountain  slopes.  In  some  cases  surface  scrapings  were 
used  and  in  others  samples  were  secured  with  a  soil  augur.  In. 
general,  rock  samx^les  were  taken  from  unweathered  material. 
Coral  rock  was  obtained  from  an  uj^lifted  reef.  Representative 
data  are  given  in  Table  9. 
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Table  9 — Iodine  content  of  typical  soils  of  the  Hawaiian  Islands. 


Source 

Altitude 

\\  Ji  i  11  f  1 1 

J.VCI.llIl-Cl'll 

tl  Tl  T1 1 1  1 

pH 

Iodine 

Feet 

Inches 

PPM. 

Maui — Hawaiian  Com- 

• 

mercial  &  Sugar  Co. 

80 

10 

7.30 

20.4 

do 

100 

12 

8.05 

11.0 

do 

150 

7 

7.50 

30.9 

do 

8.31 

27.0 

Maui — Wailuku 

150 

7.65 

23.0 

do 

200 

35 

7.20 

23.8 

do 

350 

7.20 

31.0 

do 

6.62 

13.8 

Maui — Lahaina 

700 

50 

6.19 

29.7 

do 

12 

7.57 

8.6 

Maui — Olawalu 

2 

7.36 

15.5 

Hawaii — Pepeekeo 

800 

120 

5.97 

75.2 

do 

1500 

160 

5.70 

98.3 

Hawaii — Paauilo 

750 

80 

6.19 

87.5 

Hawaii — Kukaiau 

1700 

88 

5.67 

111.0 

Table  10  gives  the  iodine  content  of  typical  rocks  of 
Hawaii. 


Table  10 — Iodine  content  of  typical  rocks  of  the  Hawaiian  Islands. 


Source 

Type  of  Rock 

Iodine 
(PPM.) 

Palolo  Quarry 

Andesite 

5.39 

Koko  Head 

Conglomerate  of  ash 
and  gravel 

3.52 

Partially  weathered 
limonite 

17.9 

Moiliili  Quarry 

Basalt 

4.88 

Makiki  Heights 

Volcanic  cinders 

3.06 

Ewa 

Coral  rock 

6.83 

The  number  of  samples  of  soils  and  rocks  thus  far  are  too 
limited  to  permit  sound  correlations  of  the  other  factors  with 
the  iodine  content.  (E.  M.  Bilger) 
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TAEO  PEOCESSING 

Semi-commercial  Scale  Processing  Plant  and  Control 
Laboratory  Equipped 

The  plant  equipment  includes :  poiver — steam  boiler  and  oil 
burnei;,  coohhig — steam  jacketed  kettle  and  pressure  retort, 
grinding — regulation  taro  grinder  for  jireparing  paiai^  from 
cooked  taro,  mixing — regulation  poi  mixer  for  preparing  j)oi 
from  paiai,  drying — double  drum  type  dryer  for  liquid  prod- 
ucts and  cabinet  type  dryer  for  chips  and  flakes,  pulverizing — 
hammermill  type  for  pulverizing  dried  products,  sifting — 
gyrotype  for  sifting  flours  and  haking — cabinet  oven  for  bak- 
ing and  roasting.    (Plate  7)    The  chemical  laboratory  is 


Plate  7. — View  of  Taro  Processing  Laboratory.  Prom  left  to  right  are 
steam  Jacketed  kettle,  mixer,  experimental  size  drum  dryer,  pressure  cooker 
and  upright  steam  boiler.  Other  equipment  in  the  plant  includes  hammer  mill 
pulverizei-,  gyro  sifter,  cabinet  oven  and  poi  grinder. 


equipped  for  routine  analysis,  special  chemical  studies  of  pro- 
cessing problems,  and  development  of  formulas  of  prepared 
foods. 


^"Paiai"  is  the  ground  cooked  taro  corm  with  the  addition  of  little  or  no  water. 
Poi  is  prepared  by  diluting  paiai  to  not  less  than  30  per  cent  solids  and  allowing 
it  to  ferment. 
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Step  hy  Step  STniv  of  Drying  Process  Necessary 

Production  of  dried  taro  floui'  in  the  past  has  been  fraught 
with  numerous  technical  difficulties.  The  product  lacked  uni- 
formity, often  contained  the  so-called  ''taro  itcli"  and  was 
costly  to  manufacture.  In  the  present  iuA-estigation  each  step  in 
the  procedure  was  studied  an<l  a  nund)er  of  important  new 
processes  were  developed. 

GookiiKj  of  titio  connx.  It  was  found  necessary  to  cook  the 
taro  corms  preliminary  to  drying  in  order  to  eliminate  the 
taro  "itch."  This  confirms  the  experience  of  previous  attempts. 
Pressure  cooking  is  much  superior  to  steaming  which  is  the 
ordinary  procedure.  Taro  corms  may  be  cooked  completely  in 
one  hour  at  fifteen  pounds  steam  pressure  as  compared  with 
three  to  four  hours  at  atmospheric  j^i'essure. 

T (jpc  of  dnjvr.  1.  Tray  drying — Sliced  cooked  taro  can  be 
dried  satisfactorily  in  a  recirculating  type  traj'  cal)inet.  The 
time  recjuired  varies  from  3  to  12  hours,  depending  upon  the 
temperature  and  humidity.  The  cost  is  15  to  27  cents  per  100 
pounds  of  dry  material  calculated  on  a  fuel  oil  basis. 

2.  Drum  drying — Poi  or  diluted  paiai  may  be  dried  by 
means  of  a  double  drum  drier  to  form  a  product  of  the  l)ever- 
age  powder  type.  The  cost  of  producing  the  dried  product  is 
estimated  at  3H  cents  per  100  pounds. 

3.  Spray  drying  —  Drying  poi  or  diluted  j^aiai  in  a  spray 
dryer  similar  to  that  used  for  drying  milk  and  other  such 
products  cost  58  cents  per  100  pounds  of  dry  material  on  the 
basis  of  an  experimental  run  made  by  a  mainland  firm. 

Methods  of  Drvinc;  Determine  Type  of  'I'aro  Flour 

Of  the  three  methods  of  drying  described  above  it  has  l)een 
found  that  flour  produced  by  grinding  and  sieving  the  tray- 
dried  product  seems  to  be  most  satisfactory  for  use  in  baked 
foods  due  to  its  granular  texture.  Average  yields  of  25  per  cent 
Hour  have  been  obtained  on  the  raw  taro  basis.  The  si)ray-dried 
flour  is  very  fine  mesh  and  not  so  satisfactory  as  coarser  mesh 
flour.  The  drum-di-ied  flour  is  flaky  in  texture.  (Ley,  Payne) 
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Many  Uses  of  Dried  Taro  Products  Developed 

Cereal  'products.  Prepared  pancake  and  Avaffle  flours  have 
been  compounded  utilizing  taro  flour  in  amounts  up  to  40  per 
cent  of  the  total  cereal  content.  The  taste,  consistency,  and 
eating  quality  of  foods  prepared  from  these  flours  are  excel- 
lent. Cereals  can  be  prepared  from  dried,  cooked  taro  by  roast- 
ing the  ground  or  shredded  product  at  temperatures  from  250 
to  350°  F.  These  cereals  do  not  become  gelatinous  or  lose  the 
discreet  character  of  the  individual  particles  upon  addition  of 
milk  and  water.  Beverage  poAvders  containg  taro  flour,  salt, 
sugar,  and  flavoring  materials  have  proved  satisfactory  in  the 
preparation  of  beverage  foods. 

Baking  studies.  A  series  of  baking  tests  show  that  taro 
flour  can  be  used  with  good  results  in  practically  all  types  of 
baked  goods.  The  percentage  of  taro  flour  which  will  not  ma- 
terially alter  the  character  of  the  finished  product  varies  with 
the  type  of  baked  product  from  10  to  60  per  cent.  The  lower 
figure  holds  for  products  which  depend  ujDon  aeration  for  their 
quality.  The  higher  figure  applies  to  products  such  as  cookies. 

Certain  products  in  which  taro  flour  has  been  incorporated 
may  be  regarded  as  superior  to  the  corresponding  wheat  prod- 
ucts. This  applies  especially  to  layer  cakes,  cup  cakes,  dough- 
nuts, and  waffles.  Bread  containg  20  per  cent  of  taro  flour  is 
also  of  excellent  quality.  An  increased  absorption  of  Avater  of 
2  to  5  per  cent  is  found,  and  less  shortening  is  required  than 
with  wheat  flour  alone. 

The  following  table  gives  the  maximum  percentage  taro 
flour  thus  far  found  desirable  in  various  baked  goods : 

Table  11 — Proportion  of  taro  flour  which  can  be  incorporated  into 
different  types  of  baked  goods. 

Per  cent 

Product  taro  flour 

Dropped  cookies    50 

Rolled  cookies    75 

Muffins   -  -   25 

Biscuits    30 

Pastry   40 

Layer  cake   20 

Cup  cake   25 

Doughnuts   --   40 

Rolls   -   20 

Bread    -   20  (Ley) 
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Takci  \'akikties  Show  Differknces  in  Processing  Charactekistu  s 

A  2)iv]iiiiinarv  study  of  twenty-five  taro  varieties  with  re- 
gard to  processiii<>-  characteristics  lias  ))een  completed.  The 
(hita  ill  Table  Vl  are  characteristic  for  six  proiiiisino;  varieties. 

Table  12 — Cliemical  and  physical  differences  in  taro  varieties. 


Variety 


Mana  ulu 
Ele-ele  Naioea 
Palaii 
Piko  kea 
Hae  Hae 
Pii  Alii 


^1 


2924 


Type 


Upland 


2849 
2  838  Wetland 


Pet. 
68.8 
60.0 
63.1 
66.3 
59.6 
63.4 


Yield 
of  flour 


Pet. 
27.5 
27.9 
30.9 
29.5 
30.2 
27.55 


Acidity  of  Paiai 


One 

Day 


Pet. 
.28 
.36 
.42 
.46 
.39 
.27 


Two  Three 
Days  Days 


Pet. 
.39 
.43 
.50 
.58 
.41 
.55 


Pet. 

.39 

.43 

.49 

.47 

.42 

.65 


Flour  color 


Yellow 
Light  chocolate 
Tan 
Light 
Gray-tan 
Reddish  gray 


Complete  chemical  analysis  of  flour  prepared  from  four 
promising  taro  varieties,  two  dryland  and  two  wetland,  is 
under  way.  This  includes  complete  mineral  analysis. 

Taro  "Itch"  Due  to  Calcicm  0.\.\late  Raphides 

A  study  of  taro  "itch""  has  shown  that  the  calcium  oxalate 
rajDhides  responsible  for  the  "itch"  are  present  in  extiemely 
small  numbers  in  the  taro  corm.  Attempts  at  developing  a 
chemical  method  form  ascertaining  the  degree  of  "itcli"  liave 
not  been  successful. 

Fermentation  Studies  of  Dried  Taro  Products 

Taro  flour  mixed  with  water  to  the  consistency  of  i)aiai 
does  not  undergo  normal  fermentation.  Attempts  to  innocu- 
late  the  flour  paiai  witli  dried  (110°  Y.)  pai  flour  failed,  indi- 
cating that  drying  destroys  the  organisms  necessary  for  normal 
fermentation.  Innoculation  \\\{\\  four-day-old  poi  produced 
rapid  fermentation,  but  the  resulting  ])oi  was  not  .so  satisfac- 
tory in  taste  as  fresh  poi. 

Pigments  of  the  Taro  Corm 

The  yellow  taro  variety  Mana  ulu  contains  a  carotinoid  i)ig- 
ment  at  a  concentration  of  13  parts  per  million.  The  red  pig- 
ment of  the  Pii  Alii  variety  is  an  alcohol  soluble  indicator,  and 
is  valuable  in  indicating  the  condition  of  the  corm.  A  liealthy 
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corm  is  acidic  and  red;  a  diseased  portion  is  basic  and  green 
to  black  in  color.  (Payne,  Akau) 

FOODS  AND  NUTEITION 

Papaya  is  One  of  Our  Most  Nutritious  Fruits 

Experiments  in  the  Nntrition  laboratory  have  shown  that 
papaya  is  one  of  Hawaii's  most  nntritious  fruits.  It  is  a  good 
source  of  sugars,  calcium,  and  basic  ash,  comparing  favorably 
with  the  orange  in  these  respects. 

Biological  tests  with  laboratory  animals  show  it  to  be  an 
excellent  source  of  vitamins  A  and  C,  a  poor  source  of  vitamin 
B,  and  a  fair  source  of  vitamin  G.  Using  chemical  methods,  it 
was  found  that  vitamin  C  (ascorbic  acid)  content  of  papaya 
increases  Avith  ripeness  and  that  the  aA^erage  ascorbic  acid  con- 
tent of  70  milligrams  per  100  grams  of  ripe  edible  fruit  is 
slightly  greater  than  the  average  for  oranges. 

Analyses  proved  that  papaya  grown  near  the  sea  may  have 
four  times  as  much  chlorine  (salt)  as  those  grown  300  feet  and 
more  above  sea  level,  but  even  the  highest  figures  do  not  exceed 
those  for  some  other  common  foods.  (Miller,  Bobbins) 

The  Vitamins  and  Minerals  of  Taro 

Japanese  taro,  a  variety  of  Colocasia  escidenta  producing 
small  corms,  is  much  relished  by  the  Japanese  of  HaAvaii 
though  it  is  used  in  smaller  qxuxntities  than  Avhite  potatoes.  It 
seemed  desirable  to  knoAv  the  antiscorbutic  A'^alue  of  the  Jap- 
anese taro,  as  previously  published  experiments  of  the  so-called 
Avetland  or  Chinese  taro  indicated  that  cooked  taro  is  a  rather 
poor  source  of  vitamin  C. 

Biological  tests,  using  18  standard  guinea  pigs,  indicate 
that  Japanese  taro  has  a  Ioav  but  definite  antiscorbutic  A'alue 
somewhat  less  than  that  of  white  potatoes.  In  our  experiment, 
15  grams  of  cooked  Japanese  taro  daily  did  not  protect  the 
guinea  pigs  from  gross  scurA^y  to  any  greater  degree  than  did 
10  grams.  The  experiments  with  10  gram  supplements  of  taro 
Avere  carried  out  in  the  Avinter  and  those  with  15  gram  supple- 
ments in  tlie  spring.  It  seems  possible  that  there  is  a  seasonal 
variation  in  the  taro,  or  that  the  taro  purchased  and  fed  in  the 
spring  at  the  15  gram  level  had  been  harvested  in  the  Avinter 
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and  tlirtt  it  liad  lost  some  of  its  antiscorlnitie  potency  during 
storage.  Preliniinar}-  feeding  experiments  indicate  that  Jap- 
anese tare  is  a  good  source  of  vitamins  B  and  G,  but  tliat  it  has 
little  or  no  vitamin  A. 

It  is  coming  to  be  recognized  that  the  diet  of  many  people 
in  Hawaii  contains  inadequate  amounts  of  calcium  or  lime 
largely  because  of  the  extensive  iise  of  polished  rice.  Those 
interested  in  improving  this  cojidition  have  advocated  the  sub- 
stitution of  a  number  of  other  foods  for  polished  rice.  Among 
these  foods,  taro  and  taro  products  have  been  strongly  recom- 
mended. 

Chemical  analyses  show  taro  to  contain  much  more  calcium 
than  does  rice;  in  fact,  it  contaiias  sufficient  total  calcium  to 
supply  a  large  j^ortion  of  the  human  daily  needs  if  used  in 
rather  large  quantities.  However,  the  calcium  of  all  foods 
does  not  appear  to  be  equally  well  utilized,  and  it  seemed  im- 
portant to  know  the  extent  to  ^\hich  the  calcium  of  taro  is 
absorbed  and  used  for  human  nutrition.  With  this  in  view, 
experiments  with  rats  and  with  hianans  were  undertaken.  Such 
experiments  entail  analysis  of  all  articles  of  the  diet,  of  the  ex- 
creta, and,  in  the  rat  experiments,  of  the  carcasses  as  well.  The 
actual  feeding  experiments  have  been  completed  and  a  begin- 
ning made  on  the  chemical  analyses.  Preliminary  results  for  a 
few  of  the  rats  indicate  that  the  calcium  of  taro  is  well  utilized. 
( Potgieter,  Miller,  Takase) 

Vegetables  Absorb  Vitamin  B  from  Rice  Bran  when  Bran-Salt-Pickled 

The  Japanese  coming  to  Hawaii  brought  with  them  many 
of  their  food  customs.  One  Avhich  has  persisted  is  the  preser- 
vation of  vegetables  by  pickling  them  in  salt  with  or  without 
such  accessory  substances  as  rice  water,  sake  residue,  niiso,  kogi 
(fermented  rice),  and  rice  bran.  In  order  to  learn  the  effect  of 
such  procedures  on  the  nutritive  value  of  foods,  the  nutrition 
la))oratory  has  carried  out  a  number  of  experiments,  the  results 
of  which  are  summarized  below. 

Pickling  Chinese  cabbage  in  salt  destroys  50  per  cent  of 
the  original  vitamin  B  whereas  pickling  in  a  paste  of  salt  and 
rice  bran  increases  the  vitamin  B  to  almost  four  times  the 
original  value. 
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AVhen  daikoii  is  pickled  in  a  paste  of  salt  and  rice  bran  it 
is  called  tahuan  and  in  this  form  or  in  the  fresh  state  is  utilized 
Avlien  available  by  the  majority  of  Japanese  families  for  every 
meal.  Daikon  is  a  very  poor  source  of  Adtamin  B,  Avhereas  the 
bran-salt-pickled  product,  tahuan^  is  a  very  good  source,  con- 
taining Avhen  freshly  made  seven  times  as  much  vitamin  B  as 
dcdko'H.  The  growth  response  of  groups  of  rats  fed  these  two 
foods  as  the  sole  source  of  vitaiiiin  B  are  illustrated  in  Figure 


--40 


/O  30  30  70 

DAYS 

Figure  3. — Average  growth  curves  of  rats  fed  daikon  and  takuan  (daikon 
pickled  in  salt  and  rice  bran)  as  the  only  supplements  to  a  vitamin  B  free 
diet.  (Figures  in  parenthesis  indicate  the  number  of  rats  fed.) 
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3.  The  rats  fed  daikon  received  8.0  grams  per  day  and  the  rats 
fed  tah'iian  only  0.5  grams  \mv  day  (equivalent  to  1.4  grams  of 
fresh). 

Fresli  eggplant  is  a  good  source  of  vitamin  13  and  as  a 
result  of  the  bran-salt-piclding  process  has  its  vitamin  li  in- 
creased only  about  fi^  times  the  original  value.  The  pickling 
process  probably  has  less  effect  because  the  relatively  ijiiper- 
vious  surface  of  the  fruit,  which  is  always  pickletl  whole  with 
the  stem  end  intact,  does  not  readily  permit  permeation  of  the 
water  soluble  vitamin. 

C  hemical  analyses  of  Chinese  cabbage,  eggplant,  and  <l<ii- 
kon  indicate  that  the  proportion  of  phosphorus  as  well  as  the 
salt  is  increased  as  a  result  of  the  bran-salt-pickling  jnocess. 

In  contrast  with  pickling  in  salt  alone  which  decreases  the 
original  quantity  of  vitamin  B,  the  general  use  of  rice  bran  for 
pickling  vegetables  as  a  method  of  preservation  is  a  practice 
much  to  be  conunended.  It  utilizes  a  joroduct  of  high  nutritive 
value,  rice  l)ran,  otherwise  little  used  for  human  consumption, 
and  results  in  a  product  that  has  a  greater  vitamin  B  content 
than  does  the  original  vegetable.  The  consumption  of  such 
bran-salt-j^ickled  products  is  of  especial  importance  in  the  Jap- 
anese diet  where  the  intake  of  vitamin  B  is  likely  to  be  low. 
Table  13  shows  the  chemical  composition  of  dnikon  and  fal-uan 
from  various  sources.  (]Miller,  Robbins) 
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The  Old  Hawaiians  Needed  No  Cod  Liver  Oil  ;  They  Ate  Opihi 

One  of  tlie  most  important  factors  contributin<>'  to  the  fine 
pliysical  development  of  the  ancient  Hawaiians  was  their  food. 
Some  pi'evious  studies  of  the  nutritive  vahie  of  their  vegetable 
foods  have  l)een  made  and  they  are  l)ein<i"  contiinied  in  the 


Plate  8. — The  opihi  (Helcioniscus  exaratus  and  H.  argentatus)  a  shellfii-h 
in  Hawaii  commonly  used  for  food.  1.  Dorsal  view  of  shell.  Left:  H.  exaratus. 
Right;  H.  argentatus.  2.  Ventral  surface  showing  muscular  foot.  3.  Opihi 
removed  from  shell,  showing  gonads.  4.  Hepato-pancreas  turned  back  to  show 
sperm  in  male.     5.  Hepato-pancreas  turned  back  to  show  ova  in  female. 
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study  of  taro.  The  opihi,  one  of  the  most  Avidely  distributed 
and  favorite  shellfish  of  the  ancient  Hawaiians,  is  the  first 
animal  food  to  be  studied  in  the  Nutrition  laboratory.  (Plate  8) 

Chemical  analyses  show  the  opihi,  in  the  fresh  state,  to 
contain  about  one  per  cent  of  glycogen.  It  is  a  good  source  of 
protein,  calcium,  iron,  and  a  poor  source  of  fat  and  copper. 

Because  of  the  low  copper  content  the  opihi  was  found  to 
have  but  slight  effect  in  regenerating  the  hemoglobin  of  the 
blood  of  rats  made  severely  anemic  by  an  exclusively  milk  diet. 
When  a  supplement  of  copper  salt  Avas  given  with  the  opihi, 
hemoglobin  regeneration  was  more  rapid  but  reached  normal 
values  only  after  6  to  8  weeks  feeding.  Opihi  should  be  a  good 
source  of  iron  for  hemoglobin  building  in  humans  as  they 
secure  ample  quantities  of  copper  from  other  sources. 

Biological  tests  Avith  laboratory  animals  haA'e  shoAvn  the 
opihi  to  be  an  excellent  source  of  vitamins  A  and  D  and  a  poor 
source  of  B  and  Gr  and  to  be  deA^oid  of  C.  A  study  of  the  gas- 
tro-intestinal  contents  of  the  opihi  (through  tlie  courtesy  of 
the  Bishoi)  Museum)  shows  the  principal  foods  of  the  opihi  to 
be  forms  of  a  species  of  minute  blue-green  algae  and  A'ery 
young  forms  of  two  green  algae.  From  these  the  opihi  can 
make  vitamin  A  and  possibly  vitamin  D. 

Undoubtedly  the  opihi  is  an  excellent  sea  food,  rich  in 
l^rotein,  calcium,  and  iron.  The  quantity  of  vitamins  A  and  D 
is  equivalent  to  that  of  good  cod  liver  oil  Avhen  one  considers 
the  moisture  content  of  the  oiA\\\.  The  results  of  the  experi- 
ments with  opihi  suggest  that  additional  studies  of  the  shore 
and  reef  foods  should  be  undertaken. 

Marine  Algae  Have  Food  Value 

To  ansAver  the  many  inquiries  regarding  the  nutritive  value 
of  linui  kohu,  this  marine  alga  has  been  analyzed  and  found 
to  have  the  following  percentage  compositions : 

Moisture,  90.8;  protein  (N  x  6.25),  2.5;  ether  extract,  0.1; 
crude  fi.ber,  1.0;  carbohydrate  (by  difference),  3.4;  total  ash, 
2.22;  calcium,  0.089;  phosphorus,  0,025;  iron,  0.00593;  and 
copper,  0.00045.  (Miller,  Robbins) 
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Studies  of  the  Blooii  axd  Blood  Fokmixg  Organs  in  Recovery  from 
Nttritional  Anemia 

Much  valuable  infonuatiou  reiiardinc;  the  chances  that  take 
])lace  in  the  hlood  and  hlood-toruiing  organs  of  the  body  in 
anemia  and  recovery  from  anemia  may  be  obtained  from  ex2>e- 
rimental  work  with  anemic  rats.  When  normal  adult  rats  are 
fed  a  diet  that  is  considered  complete  in  every  respect,  the  feed- 
ing of  additional  copper  and  iron  (daily  quantities  of  0..")  mg. 
ir(m  and  0.08  to  1.9  mg.  of  copper)  does  not  change  the  blood 
picture  as  judged  by  determination  of  the  hemoglobin  and  white 
and  red  cell  counts.  Xormal  adult  rats,  when  placed  on  an 
exclusively  milk  diet  for  a  sufficiently  long  period  (5  to  1) 
months)  will  develop  anemia,  though  it  is  difficidt  to  keep 
them  in  good  condition  and  at  the  same  time  create  as  severe 
anemia  (3.0  to  4.0  grams  hemoglobin  per  100  cc.  of  blood)  as 
in  the  case  of  younger  rats.  After  short  periods  of  feeding 
iron  and  copper  to  adult  anemic  rats,  an  enlargement  of  the 
spleen  was  found  to  occur  when  the  hemoglobin  reached  a 
value  of  from  6  to  8  grams,  much  the  same  as  it  did  in  the 
case  of  tlie  younger  animals.  This  increase  occurs  after  48 
hours'  recovery  feeding. 

Studies  of  the  blood  forming  organs  in  anemia  have  been 
confined,  heretofox'e,  to  the  spleen.  During  the  current  year 
studies  of  the  bone  marrow  and  the  liver  were  initiated.  The 
hemoglobin  and  erythrocytes  in  the  blood  of  splenectomized 
anemic  rats  increase  as  rapidly  as  they  do  in  non-splenectom- 
ized  rats  when  both  groups  are  fed  supplements  of  iron  plus 
copper.  Both  groups  of  animals  show  a  great  increase  in  num- 
ber of  nucleated  cells  on  the  second  and  fifth  day  of  recovery 
but  the  number  of  cells  in  the  blood  of  the  rats  with  spleens 
removed  is  much  greater  tlum  in  those  with  si)leens  intact.  The 
difi'erence  in  nund)er  of  nucleated  cells  for  the  two  gi-oups  is 
due  to  the  lil)eration  of  immature  erythrocytes  into  I  lie  lilood 
stream  in  the  splenectomized  animals.  This  indicates  that  a 
temporary  destruction  of  the  equilil)rium  in  the  hemopoietic 
(blood  forming)  mechanism  occurs  as  a  result  of  splenectomy. 
Since  the  blood  of  splenectomized  anemic  animals  returns  to 
normal  with  respect  to  all  blood  elements  on  continued  recov- 
ery, a  new  hemopoietic  equilibrium  is  apparently  eslablished. 
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Study  of  the  spleen  and  blood  of  young  rats  shows  that 
both  are  in  a  relatively  immature  condition  at  the  time  of 
birth.  Normal  adult  blood  conditions  are  not  established  till 
the  animals  are  from  35  to  50  days  of  age.  The  spleen  at  the 
time  of  bii'th  is  acti^'e  in  erythrocyte  formation  but  this  func- 
tion is  lost  before  the  animals  become  50  days  old.  The  blood 
elements  of  young  animals  fed  an  anemia  producing  diet  soon 
begin  to  decrease  and  an  anemic  condition  is  reached  by  the 
time  the  animals  are  50  days  of  age.  Erythrocyte  formation  in 
the  spleen,  though  quantitatively  decreased,  persists  longer  in 
animals  fed  an  anemic  diet,  than  in  animals  fed  a  complete 
diet,  and  actually  does  not  disappear  till  after  the  animals 
are  70  days  of  age.  At  that  time  the  projjerty  of  producing 
lymphocytes  as  well  as  that  of  producing  erythrocytes  has 
also  been  lost  and  the  spleen  of  anemic  animals  may  be  said  to 
have  reached  an  exhaustive  condition.  (Hamre,  Miller) 

TRUCK  CROP  MARKETING 
Two  major  activities  were  inaugurated  imder  this  i^roject, 
namely,  census  of  small  farms  and  monthly  truck  crop  estimate 
and  experimental  and  educational  activities  looking  toward  the 
impi'ovement  of  truck  crop  marketing  conditions.  The  stand- 
ardization of  grades  and  j)acks  and  the  education  of  growers  as 
to  their  proper  use  was  made  a  major  activity  of  this  portion 
of  the  program. 

Census  of  Small  Farming  and  Monthly  Truck  Crop  Estimate 

The  census  of  small  farming  was  completed  and  published 
June  25,  1936.  It  consists  of  a  24-page  survey  of  the  truck 
farming  industry  in  the  Territory.  One  or  more  trained  agri- 
culturists Avas  assigned  to  each  of  the  islands  and  a  careful 
farm  to  farm  canvass  was  made  as  to  location,  total  acreage, 
and  number  of  growers  in  each  of  the  truck  crop  ai'eas  of  the 
several  islands.  For  each  island  and  for  the  Territory  as  a 
whole,  the  acreage,  estimated  jiroduction,  percentages  con- 
sumed locally  and  shipi^ed  to  Honolulu  of  82  dilferent  varieties 
of  vegetables  and  31  fruits,  are  given. 

With  approximately  the  same  personnel  and  technique, 
simplified  monthly  truck  crop  estimates  have  been  and  are  be- 
ing published,  starting  with  the  estimate  for  July  1936.  These 
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estimates  include  25  commodities.  In  addition  to  the  acreage 
of  each  crop  a  beginning  is  being  made  in  market  forecasting 
to  help  the  growers  adjust  their  planting  schedule  to  market 
demands. 

The  monthly  truck  crop  estimate  is  being  \\ell  received, 
printed  in  nearly  its  entirety  in  both  English  and  Japanese 
language  newspapers,  and  is  being  generally  recognized  as  an 
important  jihase  of  the  territorial  truck  crop  industry.  The 
original  mailing  list  receiving  this  estimate  included  about 
460  names,  48  per  cent  of  them  being  growers.  (Warner,  Gast, 
Cady) 

Vegetable;  Grading  and  Packing 

After  due  consideration  and  study  of  the  Honolulu  whole- 
sale market,  it  was  decided  to  inaugurate  the  grading  and 
packing  standardization  work  by  a  demonstration  with  toma- 
toes on  the  island  of  Maui.  In  cooj^eration  Avith  growers'  asso- 
ciations both  in  the  field  and  on  tiie  Honolulu  market,  various 
chambers  of  commerce,  the  Federal-Territorial  Food  Products 
Ins])ection  Service,  and  the  Growers'  Service  Department  of 
the  Inter-Island  Steam  Navigation  Company,  this  demonstra- 
tion was  inaugurated  in  March  1936. 

Comparative  prices  over  a  period  of  several  months  have 
shown  that  the  graded  and  standard  packed  tomato  will  return 
to  the  growers  a  premium  of  approximately  2  cents  per  pound 
more  than  the  ungraded  article  shipped  in  second-hand  kero- 
sene cases  as  was  the  j^revious  practice.  Furthei-more,  island- 
grown  tomatoes,  when  properly  graded  and  packed,  have 
usually  sold  on  a  parity  price  with  the  imported  article. 

It  is  felt  that  the  standard  lug  pack  of  commodities  is  here 
to  stay  and  that  the  kerosene  case,  which  incidentally  resulted 
in  a  10  per  cent  loss  upon  arrival  due  to  spoilage,  is  doomed 
as  a  tomato  container.  It  is  probable  that  some  individuals  or 
a  growers"  cooperative  organization  will  take  over  this  pack- 
ing work  on  a  commercial  basis. 

Tliis  project  is  now  inaugurating  expei'iuiental  packs  and 
{)ackages  using  head  cabbage,  Chinese  cabbage,  cucuml:)ers,  and 
broccoli  which  are  being  shipped  at  this  time  of  the  year  from 
the  island  of  Hawaii  to  Honolulu. 
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The  individual  truck  crop  farms  in  the  teri'itory  average 
very  small  in  area.  Comjjaratively  few  farms  comprise  over 
ten  acres.  A  very  large  percentage  of  the  work  is  done  by  hand. 
This  naturally  results  in  high  costs  of  production.  In  addition 
to  this  situation,  very  few  wholesalers  on  the  Honohdu  market 
are  aggressive  merchandisers.  The  combination  of  these  fac- 
tors represents  the  largest  obstacles  which  our  plans  must 
overcome. 

The  census  of  small  farming  luis  shoAvn  a  larger  truck  crop 
industry  than  has  previously  been  thought.  Table  14  sum- 
marizes the  results  of  tlie  census  as  to  number  of  growers  and 
total  area  planted  to  truck  crops  and  fruits  and  nuts  as  of 
Jvme  1936.  These  figures  do  not  include  the  areas  of  such 
croi^s  maintained  by  plantation  laborers  for  their  own  use. 
(Warner,  Gast,  Cady) 

Table  14 — Summary  of  Truck  Crop  and  Fruits  and  Nuts  Industry  in 
Hawaii  as  to  location,  area,  and  number  of  growers. 


Island 

Area 
Truck  Crops 

Area' 
Fruits  and  Nuts 

Number  of 
Growers 

acres 

acres 

Hawaii  

1,808 

6,176 

1,669 

Maui  

1,687 

137 

404 

Oahu  

3,059 

2,332 

1,412 

Kauai  

1,579 

195 

438 

Molokai  

784 

5 

168 

Total..  

8,917 

8,845 

4,091 

^Includes  cof  lee. 

ANIMAL  HUSBANDRY 

DAIRY 

The  dairy  herd  consists  of  45  Holsteins  and  14  Guernseys — • 
all  ijurebrecl  registered  animals.  These  serve  the  dual  purpose 
of  providing  animals  for  research  work  and  as  a  laboratoiy 
for  students  in  dairy  husbandry. 

The  herd  is  free  from  tid^erculosis,  and  the  contagious  abor- 
tion test  failed  to  show  an}'  j^ositive  reactors.  However,  some 
cows  that  gave  a  susj^icious  reaction  are  kept  separate  fi'om 
the  rest  of  the  herd. 

Experiments  with  Concentrate  Mixtures 

In  two  12-week  experiments,  each  with  6  cows,  a  concen- 
trate mixture  containing  44  per  cent  pinea])p]e  ])ran  and  18 
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l^er  cent  cane  molasses  produced  practically  as  miicli  milk  as 
another  ration  consisting  ejitirely  of  non-local  feeds,  and  re- 
sulted in  an  average  saving  of  30.4  per  cent  in  the  concentrate 
cost  of  milk  production.  These  two  experiments  confirm  tlie 
result  of  a  similar  ex2)eriment  performed  the  previous  year. 

A^'licn  a  mixture  coiitaining  19  per  cent  sifted  cane  bagasse, 
37  per  cent  cane  molasses,  42  per  cent  oil  cake  meal,  and  2  per 
cent  minerals  was  fed  to  4  cows  in  a  12-week  experiment,  milk 
production  was  only  83  per  cent  as  high  as  when  a  ration  con- 
sisting of  48  per  cent  wheat  bran,  30  per  cent  barley,  20  per 
cent  soy  bean  oil  cake  meal  and  2  per  cent  minerals  was  fed. 
The  former  ration  proved  less  palatable,  consumption  of  same 
being  only  87  per  cent  of  the  amount  consumed  of  the  latter 
ration. 

In  one  12-\veek  experiment  with  G  cows  sesame  oil  cake 
meal  and  soy  bean  oil  cake  meal  proved  ecjually  valuable  as 
measured  1)V  milk  production,  body  weight,  and  butter  fat  con- 
tent of  the  milk.  In  this  test  these  meals,  which  constituted 
20  per  cent  of  the  total  concentrate  ration,  were  used  as  protein 
sup2)lements  in  rations  which  were  the  same  in  all  other  re- 
spects. (  Henke,  Goo) 

AIoLAssEs  Poured  Over  Roughage  Increases  Milk  Production 

In  one  12-week  exj^eriment  with  6  cows  the  addition  of  4 
j)ounds  of  cane  molasses  poured  over  the  roughage  increased 
milk  production  by  an  average  of  approximately  two  pomids 
j^er  cow  per  day.  In  the  second  12-'\\'eek  test,  also  with  6  cows, 
an  increase  of  one  pound  of  milk  per  cow  per  day  was  noted 
Avhen  4  pounds  of  cane  molasses  weie  poui'ed  over  the  rough- 
age of  each  cow.  Liveweight  of  the  cows  was  greater  in  each 
case  when  molasses  was  added  to  the  roughage,  the  iiici'ease 
being  !)  ])ounds  i)er  cow  in  the  first  test  and  21  pounds  })er  cow 
in  the  second  experiment.  This  indicates  that  pouring  cane 
molasses  over  the  roughage  fed  to  dairy  cows  is  a  (lesiral)le  and 
pi'ofitable  practice  in  Hawaii.  (Henke,  (too) 

Sudan  Grass  Better  than  Napier  Grass  for  Milk  Production 

Two  previous  experiments  comparing  Sudan  and  Napier 
grass  for  dairy  cattle,  had  shown  that  the  former  jn'oduced  a 
greater  milk  flow  and  a  somewliat  higher  loiigliage  consiimp- 
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tion.  Two  additional  tests  conducted  during  the  year  con- 
firmed this  conclusion.  In  these  tests  6  cows  were  used,  each 
test  extending  over  a  12-week  period.  The  cows,  when  fed 
Sudan  grass,  produced  8.7  per  cent  more  milk,  were  10  pounds 
heavier,  and  consumed  7.2  per  cent  more  green  roughage  than 
when  Napier  grass  was  fed.  The  latter  produced  a  slightly 
higher  butterfat  content  in  each  experiment.  Samples  of  the 
grasses  were  taken  daily  for  chemical  analysis.  Table  15  gives 
the  average  composition  of  the  two  grasses  fed  in  the  two 
feeding  trials.  (Henke,  Goo) 


Table  15 — Chemical  Compostion  of  Sudan  and  Napier  Grass 
Used  in  Feeding  Trials 


Mois- 
ture 

Chemical  Composition  of  Forage' 

Crude 
protein 
Nx6.25 

Ether 
extract 

Nitrogen 

free 
extract 

Crude 
fiber 

Total  ash 

Sudan  grass.... 
Napier  grass... 

Per  cent 

82.5 
76.2 

Per  cent 

7.26 
5.15 

Per  cent 

1.21 
1.18 

Per  cent 

43.83 
39.37 

Per  cent 

36.80 
38.60 

Per  cent 

10.90 
1  5.70 

Forage  Yields  on  University  Farm  Compared 

Some  12  acres  planted  to  various  forage  grasses  produced  a 
total  of  624  tons  of  green  forage  during  the  year,  which  was 
fed  to  the  livestock  kept  on  the  University  Farm, — largely  to 
the  dairy  herd.  One  acre  of  Naj)ier  grass  planted  in  July  1934 
produced  a  total  of  127.39  tons  of  green  forage  during  the 
year  ending  June  30,  1936.  Another  planted  in  November  1934 
produced  79.38  tons  during  the  same  year.  An  acre  of  alfalfa 
planted  in  December  1935  produced  a  green  yield  of  23.05  tons 
from  January  to  June  1936. 

SWINE 

T]ie  swine  herd  consists  of  eight  Berkshire  and  eight  Tam- 
wortli  breeding  animals  along  with  various  smaller  pigs.  All 
swine  not  previously  vaccinated  are  immunized  against  hog 


iQven  dry  basis. 
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cholera  by  the  serum-virus  treatment  given  about  twice  each 
year  to  such  pigs  as  have  been  born  since  the  hist  A^accination. 

Pineapple  Bran-Molasses  Feeding  Trials 

In  a  series  of  3  experiments  averaging  49  days  in  length, 
2  with  G  and  1  with  S  pigs,  a  fattening  jnixture  consisting  of  82 
l)er  cent  locally  pi'oduced  feeds,  50  per  cent  })ineapple  bran,  20 
per  cent  cane  molasses,  12  per  cent  hsh  meal  along  with  18  per 
cent  imported  feeds,  14  per  cent  liarley,  2  per  cent  linseed  oil 
cake  meal,  antl  one  per  cent  each  of  salt  and  bone  meal,  was 
compared  with  a  ration  which  has  been  much  used  at  the  Ha- 
waii Station  consisting  of  68  per  cent  barley,  20  per  cent  cane 
molasses,  8  per  cent  fish  meal,  2  per  cent  linseed  oil  cake  meal, 
and  one  per  cent  each  of  bone  meal  and  salt.  The  average  re- 
sults of  the  three  tests  are  given  in  Table  16. 

Table  16 — Camparative  value  of  a  pineapple  bran-molasses  ration 
and  a  baiiey-molasses  ration  in  fattening  swine. 


Pineapple  bran- 

Barley-molasses 

molasses  ration 

ration 

lbs. 

lbs. 

Average  daily  gain  per  pig 

0.89 

1.55 

Concentrates  consumed  per 

pig  per  dav.-  

5.03 

6.56 

Pounds  concentrates  per 

pound  gain...  

5.66 

4.21 

Feed  cost  per  pound  of  gain... 

$0,057 

.$0.06 

Under  the  conditions  of  these  experiments  the  pineapple 
bran-molasses  ration  was  worth  only  about  75  per  cent  as  nmch 
as  the  barley-molasses  ration  for  producing  gains  in  swine  but 
because  of  the  lower  cost  of  the  former  ration  the  cost  of  a 
pound  of  gain  Avas  about  the  same.  The  pineapple  bran  used 
in  this  test  was  first  ground  as  pigs  Avill  not  eat  all  of  the 
coarser  pineapple  bran.  If  the  pineapi)le  bran-molasses  ration 
is  used  it  seems  to  give  better  results  when  tlie  jiigs  Aveigh 
about  100  pounds  or  more  for  in  one  lot  having  about  this 
Aveight  an  economy  of  one  cent  per  pijund  of  gain  resulted  as 
compared  Avith  the  barley-molasses  ration  described  above.  In 
these  cost  comparisons  barley  Avas  valued  at  $32.00  and  pine- 
apple bran  at  $14.00  per  ton.  (Henke,  Goo) 
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Feeding  Trials  with  Garbage 

In  two  experiments  conducted  in  tlie  piggeries  of  coopera- 
tors,  one  of  whom  secured  his  garbage  free  but  hauled  it  14 
miles  by  auto  truck  and  an  additional  short  distance  by  boat, 
and  the  other  who  purchased  garbage  at  a  rather  high  piice, 
it  was  found  that  feeding  the  barley-molasses  ration  described 
above  produced  more  economical  gains  than  garbage  feeding. 
More  work  needs  to  be  done  along  these  lines  but  results  to 
date  suggest  that  where  garbage  collection  costs  are  unusually 
high  or  Avliere  garbage  is  purchased  at  a  high  cost,  it  is  not 
always  the  most  economical  feed  for  fattening  SAvine.  (Henke) 

Local  Fish  Meal,  A  Good  Source  of  Protein  for  Swine 

A  fish  meal  made  in  a  Honolulu  fish  cannery  was  compared 
with  tankage  in  three  experiments.  Rations  containing  68 
pounds  barley,  20  pounds  cane  )nolasses,  10  pounds  tankage  on 
fish  meal,  and  one  pound  each  of  salt  and  bone  meal  Avere 
used.  AA-erage  feed  cost  per  pound  of  gain  AA'as  5.6  cents  for  fish 
meal  versus  5.9  cents  for  tankage.  (Henke,  Goo) 

BEEF  CATTLE  FEEDING  TRIALS 

One  extensiA-e  feeding  trial  AvitJi  71  steers  has  been  started 
to  determine  the  relative  A'alue  of  pigeon  peas  and  im2:)roved 
grass  pastures  for  fattening  steers  Avhen  used  as  the  only  feed, 
and  when  supplemented  Avith  cane  molasses  and  additional 
protein.  Two  other  trials,  one  a  pasture  trial  on  Koa  haole 
{Leucaena  glmwa)  Avith  and  Avithout  supplementary  cane 
molasses,  and  tlie  other  a  pen  feeding  trial  in  Avhich  cane  mo- 
lasses and  pineapple  bran  in  different  proportions  with  i^rotein 
supplements  Avill  be  fed,  haA^e  been  definitely  planned  and  Avill 
start  in  the  near  future. 

In  one  cooperative  feeding  trial  Avith  8  steers  a  con- 
centrate mixture  consisting  of :  350  pounds  pineapple  bran,  300 
Ijounds  cane  molasses,  200  pounds  cane  bagasse,  150  pounds  soy- 
bean oil  cake  meal,  and  10  pounds  salt  resulted  in  an  average 
daily  gain  of  1.62  pounds  per  steer  per  day  during  the  first  65 
days  of  this  trial.  To  produce  a  pound  of  gain,  11.17  pounds 
of  the  concentrate  mixture  in  addition  to  5.83  jjouncls  of  green 
cane  io])S  Avere  required.  (Henke) 
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Plate  II.—  S|ji-ciiiil>  .lesiKiifil  Iki  1  n  for  makinK  iligt-stibility  tests  of  Ha- 
waiian feeds.  Xote  tlie  ac'justable  sl:it  flnm  ami  the  receptacles  (left)  tor  the 
feces.  The  heavy  rubberizetl  aprons  sliuwn  attached  to  the  box  receptacles 
are  held  in  place  on  the  steer  by  a  system  of  ropes  and  pulleys  held  taut  by 
weights.    The  barn  will  house  ten  steers. 


COEFFICIKXT  OF  DIGESTIBILITY  TlilALS 

An  experimental  for  (lip'estibility  trials  with  a 

feed  room,  ofKce  and  laboratory  has  been  erected.  (Plate  9) 
This  buik[in<>-  is  provided  with  ten  movable  stalls  of  wood  on 
top  of  a  cement  floor  with  the  necessary  facilities  for  collecting 
feces.  Eight  steers  have  been  purchased  for  use  i)i  these  diges- 
tion trials  and  the  necessary  e(iuipment  for  the  chemical  work 
has  been  secured  and  installed. 

Several  trials  with  Napier  grass  have  been  conducted  but 
results  are  not  yet  availalde.  The  coefficient  of  digestibility  of 
various  other  tropical  grasses  and  legumes  and  by-products  of 
Hawaiian  industries  also  will  be  determined.  (Work) 

POl  LTKY  HUSBANDRY 

B.\TTERIES  FOR  L.WING  .\Nn  BREEniNG  HeNS 

In  a  continuation  of  an  in\ estigation  to  determine  tlie 
efficiency  of  hen  batteries  for  laying  and  breeding  stock,  GO 
Austrawhite  pullets  have  been  confined  in  a  60-hen  compart- 
ment battery  since  November  1.  1935.  Data  gathered  over  a 
period  of  seven  months  indicate  tlie  mortality  has  been  high 


74  Hawaii  Agricultural  Exferiment  Station 


due  to  paralysis  of  the  legs.  Eleven  of  the  60  hens  have  been 
removed,  all  of  which  showed  leg  paralysis.  It  cost  $1.17  to 
feed  each  hen  for  the  first  seven  months  of  the  experiment.  An 
average  production  of  116.25  eggs  per  hen  was  obtained,  valued 
at  $3,005,  and  leaving  a  profit  of  $1,835  per  hen  above  feed  cost. 
The  hens  were  fed  commercial  egg  mash  to  which  one  pei-  cent 
of  refined  cod-liver  oil  was  added.  This  was  suj)plemented  with 
a  fermented  yeast  mash.  Previous  work  at  this  Station  showed 
that  when  birds  confined  in  laying  batteries  were  fed  a  fer- 
mented yeast  mash,  normal  body  weight  was  maintained  and 
approximately  30  more  eggs  per  hen  were  laid  than  when  no 
yeast  Avas  fed.  (Bice) 

Freshly  Cut  Alfalfa  as  Compared  wtth  Alfalfa  Leaf 
AND  Blossom  Meal  in  Poultry  Rations 

Comparison  of  newly  cut  alfalfa  and  alfalfa  leaf  and  blos- 
som meal  in  poultry  rations  indicates  a  greater  variability  in 
the  intensity  of  yolk  pigment  from  hens  receiving  fresh  cut 
alfalfa.  This  difference  was  apparently  brought  about  by  the 
i-efusal  of  certain  hens  to  consume  alfalfa  in  sufficient  quanti- 
ties for  the  maintenance  of  yolk  color  of  uniformly  high  in- 
tensity. Hens  receiving  alfalfa  leaf  and  blossom  meal  in  the 
mash  produced  eggs  of  uniform  pigmentation  of  high  inten- 
sity. Eggs  produced  by  hens  in  the  check  pen  were  uniform 
in  pigmentation  but  of  very  low  intensity. 

The  following  table  shows  the  comparative  value  of  the 
fresh  and  dried  alfalfa  : 


Table  17 — The  comparative  value  of  fresh  alfalfa  and  alfala  leaf 
and  blossom  meal  in  egg  production. 


Kind  of 
Alfalfa  Used 

Intensity 
of  Color  of 
Egg  Yolk 

Mean  Weight 
Per  Dozen 
of  Eggs 

Ave.  Cost  of 
Feed  Per 
Dozen  of 
Eggs 

ounces 

dollars 

Check  (no  alfalfa)  

1.8 

19.85 

0.12 

Fresh  Cut  

2.8 

20.6 

0.14 

Leaf  and  Blossom  Meal..  

3.3 

21.1 

0.11 

Mortality  -s^as  greatest  in  tlie  check  grouj).  Malnutritional 
roup,  range  paralysis  (Neurolymphomatosis  gallinarum),  and 
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a  general  unthriftiness  manifested  themselves  in  this  group.  A 
lack  of  vitamin  A  was  responsible  for  the  appearance  of  mal- 
nutritional  roup  and  for  the  general  unthrifty  appearance; 
whereas  the  paralysis,  no  doubt,  credit  in  due  to  lack  of  vigor 
and  resistance  in  the  bii'ds.  At  the  completion  of  the  year  of 
lay,  breeding  records  will  be  obtained  from  tliese  jjens  to  ascer- 
tain the  value  of  green  feed  on  the  hatchal)ility  and  on  tlie 
livability  of  the  chicks  hatchetl.  (Bice) 

Humidity  Control  in  Incubators  Recommended 

Eggs  for  this  experiment  were  collected  every  three  hours 
and  immediately  placed  in  an  egg  cooler  at  a  temperature  of 
58°  F.  The  relative  humidity  was  increased  by  placing  pans 
tilled  with  water  within  the  incubator  and  decreased  by  plac- 
ing calcium  chloride  in  porcelain  pans  within  the  nursery 
compartment.  The  eggs  were  weighed  daily  to  determine  the 
moisture  loss  throughout  the  incubation  period.  Drawings  of 
the  air  cell  were  made  on  the  7th,  14th,  and  18th  days  of  incu- 
bation. Chicks  were  weiglied  in  grams  24  hours  after  hatching 
to  determine  the  etfect  of  moisture  loss  on  chick  weight. 

Table  18  shows  the  eft'ect  of  variation  of  relative  humidity 
within  tlie  incnl)ator: 


Table  18 — Effect  of  variations  in  relative  humidity  on  hatchability. 


Relative  Humidity 

Hatch- 
ability 

Average 
Weight 
per  Chick 

Test 
No. 

1st  Period 
10  days 

2nd  Period 
10-18  days 

3rd  Period 
18  days  to 
hatching 

per  cent 

per  cent 

per  cent 

per  cent 

grams 

1 

82.0 

83 

95.5 

40 

37.56 

2 

65.5 

58 

84.7 

61 

37.60 

3 

5  3.8 

4  9 

66.0 

48 

37.64 

These  data  show  the  dei^ressing  etlect  of  extremes  of  rela- 
tive humidity  on  hatchability.  The  chicks  hatched  under  con- 
ditions of  58  to  66  per  cent  relative  humidity  for  the  first  18 
days  and  85  per  cent  for  the  fmal  period  were  of  normal 
weight;  an  air  cell  of  proper  size  was  obtained,  and  a  high 
percentage  of  strong  chicks  residted  therefrom.  (Bice) 
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Artificial  Illumination  for  Laying  Hens  is  a  Paying  Practice 

This  project  has  been  in  })rogTess  during  the  past  five  years, 
the  data  j^resented  being-  a  progress  report  for  the  past  year. 
Artificial  ilhunination  increased  egg  production  during  the 
fall  and  winter  months  Avhen  egg  prices  were  at  their  peak. 
Body  weight  was  maintained  and  in  a  few  cases  gains  were 
shown.  The  mortality  in  Single  Comb  White  Leghorns  did  not 
increase  over  those  not  receiving  lights;  however,  in  every 
case  the  mortality  of  Barred  Plymouth  Rocks,  Rhode  Island 
Reds,  and  Black  Australorj)s  Avas  greater  when  lights  were 
used.  Artificial  illumination  during  the  pullet  year  of  lay  did 
not  injure  the  breeding  ability  of  these  birds  when  in  their 
second  and  third  year.  Pullets  that  are  hatched  in  November, 
December,  January,  and  February  have  a  tendency  to  go  into 
a  partial  molt  after  thiee  or  four  months  of  production.  Arti- 
ficial illumination  has  oft'set  this  condition  in  75  per  cent  of  the 
layers.  This  is  of  importance  inasmuch  as  the  partial  molt 
usually  sets  in  when  eggs  are  at  peak  prices.  Table  19  sum- 
marizes the  results  of  the  test.  (Bice) 


Table  19 — ^Artificial  illumination  versus  no  artificial  illumination  for 

laying  hens. 


With 

Without 

Artificial 

Artificial 

Illumination 

Illumination 

Egg  production  

54.6  per  cent 

46.0  per  cent 

Cost  of  light 

per  dozen  eggs...  

%  0.005 

Feed  cost 

per  dozen  eggs  

$  0.179 

$  0.156 

Mean  weight 

per  dozen  eggs  

22.5    ±  .08  oz. 

22.00    ±  .09  oz. 

Mean  body  weight 

at  beginning  

3.18  +  .028  lbs. 

3.234  ±  .035  lbs. 

Mean  body  weight 

at  end   

3.73  ±  .039  lbs. 

3.76    ±  .045  lbs. 

Confinement  of  Poultry  Solves  some  Problems  and  Presents  Others 

Housing  and  its  efi^ect  on  poultry  is  one  of  the  most  im- 
portant problems  with  which  the  poaltrymen  of  the  Territory 
are  directly  concerned.  Hawaii,  on  accoiuit  of  disease,  insects, 
parasites^  and  weather  conditions,  requires  somewhat  ditferent 
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liousini!:  conditions  tJian  tliose  on  the  nuiinland.  Tliis  fact  lias 
long  been  recof>nized  and  poulti-y  liouses  of  today  show  vast 
jiuprovenient  over  the  old  houses  of  ten  or  fifteen  years  ago. 
This  improvement  in  the  housing  of  poultry  in  Hawaii  has  not 
l)een  sufficient  to  completely  control  mortality,  but  certain 
poultry  diseases  such  as  coccidiosis  and  roup  have  been  mark- 
edly abated.  Parasitic  infestations,  such  as  round  and  tape- 
worms, have  likewise  been  reduced;  but  other,  and  sometimes 
more  disastrous  troubles  such  as  cannibalism  and  "perosis"  or 
"slipped  ti'udon""  have  made  their  appearance.  Therefore,  the 
majcu'  considerations  of  this  study  are  the  effects  of  different 
degrees  of  conHnement  on  poultry  of  various  ages.  Special 
attention  is  being  paid  to  the  rate  of  growth,  cannibalism,  dis- 
ease, egg  ])roduciion,  and  I'eproduction. 

Cohnta  Jtoioscn.  F(jur  groups  of  chicks  were  started  in  10  ft. 
x  VI  ft.  colony  brooder  houses  to  prevent  overcrowding  and  to 
])r()vide  sunlight  for  the  chicks.  These  runs  are  12  ft.  x  20  ft. 
and  are  of  two  different  types.  One  type  has  removable  wire 
panel  floors,  and  the  other  has  concrete  floors  Avith  tar  paper 
covered  roofs.  All  houses  are  screened  throughout  to  control 
fowl  \)ox.  The  chicks  were  started  on  a  5  per  cent  molasses-all- 
mash  ration.  To  insure  against  the  occurrence  of  "perosis"  no 
minerals  were  added  to  the  ration.  The  cockerels  were  removed 
from  each  pen  at  the  end  of  the  seventh  week  to  allow  more 
room  for  the  remaining  pullets.  These  j^ullets  are  to  be  trans- 
ferred to  the  wire-floored  laying  houses  at  the  end  of  the 
twelfth  Aveek  for  the  next  phase  of  the  confinement  experiment. 

Battery  hwoders.  Four  groups  of  chicks  were  also  started 
in  specially  constructed  Avire-floored  battery  brooders  4  ft.  by 
It)  ft.  These  are  located  in  a  remodeled  laying  house.  Cel-o- 
glass,  a  red  translucent  material  reinforced  Avith  Avire  screen,  is 
used  in  front  of  the  Avindows  so  that  all  light  entering  the 
l)r()0(ler  room  passes  througli  it.  This  is  done  to  prevent  and 
control  cannibalism.  These  chicks  Avere  also  started  on  a  5  ])er 
cent-molasses-all-mash  ration  and  were  similarly  managed  ex- 
cei)t  for  housing.  (Rice) 
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Molasses  Being  Tried  in  Chick  and  Fattening  Rations 

As  molasses  is  a  locally  produced,  cheap  feedstuff,  it  is 
important  that  efforts  be  made  to  determine  to  what  extent  it 
can  be  incorporated  into  Hawaiian  poultry  rations.  Work  is 
being  carried  on  in  all  phases  of  poultry  management  to  deter- 
mine the  optinnim  amount  of  cane  molasses  in  chick,  groAving, 
laying,  and  breeding  rations.  At  present  this  carbohydrate  feed 
is  being  tested  out  in  chick  and  fattening  rations. 

Three  lots  consisting  of  over  100  chicks  each  have  been  fed 
molasses  added  in  varying  proportions  to  an  all-mash  chick 
ration.  The  lots  and  rations  used  in  this  test  are  listed  in  the 
table  below : 


Table  20 — Proportion  of  cane  molasses  used  in  feeding  tests  and 
cost  of  the  molasses-mash  mixture. 


Cane  Molasses 

Estimated  Cost 

Lots 

Added  to 

of  100  lbs.  of 

Chick  Mash 

Mixture 

per  cent 

1 

3 

$2.80 

2 

5 

2.77 

3 

0  (check) 

2.85 

Tlie  weekly  weights  of  fifty  individual  birds  in  each  lot 
were  taken  to  determine  the  average  weight.  After  the  sexes 
were  distinguishable,  twenty-five  of  each  Avere  weighed  and 
the  average  Aveekly  Aveight  determined  for  each  sex.  The  cock- 
erels Avere  remoA^ed  at  the  end  of  the  seventh  Aveek  to  make 
more  room  for  the  pullets.  In  the  fattening  experiments  Avhich 
haA'e  just  begun,  an  endeavor  is  being  made  to  ascertain  to 
what  extent  molasses  will  replace  ground  whole  corn  meal  in 
the  standard  poultry  fattening  ration.  (Bice,  Tower) 

Cross  Breeding  for  Meat  and  Egg  Production 

This  project  Avas  started  in  April  Avhen  eight  pens  of  birds 
were  mated.  These  birds  are  housed  in  specially'  constructed 
pens  and  have  access  to  free  raiige.  Tlie  folloAving  sIioavs  tlie 
A'arious  matings:  (1)  Barred  I'lymouth  Eock  x  Japanese 
Game;  (2)  Ehode  Island  Eed  x  Japanese  Game;  (3)  White 
Leghorn  x  Japanese  Game;  (4)  Black  Australorp  x  Japanese 
Game;  (5)  Japanese  Game  x  Japanese  Game. 
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Tlie  day  old  chicks  were  examined  individually  for  any  sex- 
linked  character  which  might  aid  in  sex  determination,  such 
as  length  of  primary  flight  feathers,  color  of  down  markings, 
color  of  beaks,  shanks,  and  toes,  tail  development,  and  type  of 
comb.  The  chicks  w'ere  also  examined  each  week  to  note  the 
type  and  rate  of  feathering.  Nothing  can  be  delinitely  said 
about  these  observations  on  the  day-oUl  cliicks  until  the  sexes 
are  distinguishable. 

These  diiterent  lots  of  crossbred  chicks  are  being  brooded 
m  a  remodeled  "warm-shaft"  brooder  with  one-half  inch  mesh 
wire  floors  to  control  coccidiosis.  The  ration  is  an  all-mash 
ration  and  to  insure  against  2)erosis  no  minerals  are  added. 
The  chicks  will  be  kept  in  this  brooder  until  danger  of  cocci- 
diosis has  been  passed,  at  which  time  the  males  will  ])e  placed 
in  other  quarters  until  they  are  ready  for  fattening  tests.  The 
pullets  will  be  placed  in  otiier  pens  where  they  will  be  grown 
out  to  maturity  and  production  tests  run  next  year  to  see  how 
they  comjiare  with  the  pure  varieties  of  fowls. 

Mortality  up  to  date  has  been  very  low.  The  difterent 
crosses  compare  favorably  with  the  pure  breds,  though  White 
Leghorn  and  the  Rhode  Island  lied  hybrids  at  this  time  ap- 
l^ear  to  be  the  best  ci'oss.  Compared  with  pure  Reds  and  Leg- 
horns at  the  same  age,  they  are  heavier  and  seem  to  have  more 
vigor  and  vitality.  (Bice,  Tower) 

PARASITOLOGY 

POULTRY  PARASITES 

The  Gizzard  Worm  of  Chickens  and  Turkeys 

The  gizzard  worm,  Cheilospirura  hamulosa^  was  first  rec- 
ognized in  Hawaii  a  few  years  ago,  and  it  is  now  well  known 
among  most  of  the  poultry  raisers  of  the  Territory.  During 
field  investigation  this  parasite  was  noted  on  the  islands  of 
Kauai,  Oahu,  Maui,  and  Hawaii.  The  losses  due  to  gizzard 
worm  have  not  been  estimated,  but  considerable  emaciation  and 
anemic  conditions  have  been  noted  in  l)irds  heavily  parasitized. 
One  poultryman  reported  that  in  the  past  feAv  yeai'S  practically 
100  per  cent  of  his  birds  were  infested.  During  a  recent  field 
survey  on  one  of  the  islands,  18  out  of  32  chickens  examined  at 
necropsy-  were  infested  with  gizzard  worms. 
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Neto  intermediate  hosts  for  the  gizzard  -worm  have  heen 
found.  Previous  to  this  investigation  only  grasshoppers  were 
known  to  serve  as  intermediate  hosts  for  the  chicken  gizzard 
Avorin.  However,  ponhrj-nien  in  HaAvaii  and  in  tlie  continental 
United  States  have  reported  gizzard  worm  infestation  in  chick- 
ens Avhich  apparently  did  not  have  access  to  grasshoppers. 
These  reports  indicated  the  likelihood  of  other  carriers  respon- 
sible for  the  transmission  of  the  parasite. 

In  the  present  investigations  it  has  been  experimentally 
shoAvn  that  1-i  different  species  of  arthropods  may  serve  as 
intermediate  hosts  for  Gheilospirura  hamadosa.  These  athro- 
pods  are  as  follows : 

(a)  Grasshoj^pers — Conocephalus  saltator.^  Atractom- 

orpha  amhigua.,  and  Oxya  chinensis 

(b)  Sand  hopi^er  or  sand  shrimp — Orchestia  platensis 

( c)  Beetles — 

Flour  beetles — Tenehroides  nana,  Tribolium 
castaneiim,  and  Carpophilus  dimidiatus 
Beetles  found  around  poultry  manure  — 
Dactyloste.rmmi  ahdominale,  Typhaea  ster- 
corea,  Palorus  ratzel)urgi,  Euxestus  sp.,  and 
Litargus  halteatus. 

Grain  and  rice  weevils  —  Oxydema  fusi- 
forme  and  Sitophihis  oryzae. 

Of  the  above  mentioned  cari'iers  only  the  flour  beetle,  Tene- 
hroides 'nana,  the  amphipod,  Orchestia  platensis,  and  grass- 
hoppers collected  in  gizzard  worm  endemic  poultry  farms  have 
been  found  naturall}'  infested  Avith  gizzard  Avorm  larvae.  Other 
arthropods  commonly  found  in  poultry  farms,  namely,  house 
flies,  soAv  bugs,  and  earAvigs  coidd  not  be  infected  experiment- 
ally. 

The  complete  life  cycle  of  the  gizzard  Avorm  parasite  both 
in  the  intermediate  hosts  and  in  the  chicken  has  been  studied. 
It  has  been  found  that  the  larvae  reaches  the  infective  stage  in 
the  intermediate  host  in  about  three  weeks ;  after  the  infective 
larva  is  ingested  by  a  chicken  it  requires  aboiit  tAvo  or  three 
months  before  it  reaches  sexual  maturity.  (Alicata) 
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Intermediate  Hosts  for  Other  Parasites  of  Chickens 

The  spiral  stomach  worm,  Dispharynx  spiralis.  The  sow 
bug,  PorcelUo  laevis.  has  l)een  found  to  be  a  new  intermediate 
host  for  the  spiral  stomach  worm,  Dlspharyn.r  spiralis,  of 
chickens.  On  a  poultry  farm  near  Honolulu,  72  per  cent  of 
sow  bugs  were  found  naturally  infested  with  this  species  of 
roundworm.  In  the  continental  United  States  two  other  species 
of  sow  bugs,  PorcelUo  scaber  and  Armadillidium  vulgare  were 
reported  as  intermediate  hosts. 

The  glohidar  stomach  ivorm,  Tetrameres  americana.  An 
earwig,  Exiborellia  anmdipes,  a  sand  hopper,  Orchestia  platen- 
sis,  a  black  beetle,  Dendrophilus  sp.,  and  a  grasshopper,  Cono- 
cephalus  saltator  have  been  found  to  serve  as  intermediate  hosts 
for  Tetrameres  americana.  The  earwig,  sand  hopper,  and 
beetle  were  found  naturally  infested,  and  the  grasshopper  was 
experimentally  infected.  The  only  intermediate  hosts  pre- 
viously known  for  this  parasite  were  grasshoppers. 

The  ei/ea'orm>,  Oxyspin/ra  mansoiii.  As  in  the  continental 
United  States,  the  cockroach,  Pyonoscelus  surinamensis,  has 
Ijeen  found  to  serve  as  intermediate  host  for  eyeworms  in  local 
poultry.  In  two  farms  near  Honolulu,  36  and  74  per  cent  of 
roaches  have  been  found  naturally  infested;  in  another  farm 
on  Maui,  100  per  cent  of  the  roaches  harbored  this  parasite. 
Chickens  and  ducks  have  been  experimentally  infested  witli 
eyeworm  larvae  recovered  from  infested  roaches.  Adult  para- 
sites were  recovered  from  tlie  eyes  of  chickens  45  days  after 
experimental  infection. 

A  tapeworm,  Hymenolc pis  exigun.  II ynn  nolcpis  e,ri(/ii(i.  a 
small  tapeworm  al)out  14  inch  in  length  previously  reported 
from  Japan  and  Formosa  was  recently  discovered  on  the  ishind 
of  Oahu.  Present  investigations  have  sliowii  it  to  be  trans- 
mitted by  a  sand  liopi)er,  Orchestia  platcnsix.  These  sand  lio])- 
pers  are  of  common  occunviice  in  damp  and  wet  areas  in  poul- 
try farms.  Out  of  .Ml  sand  hoppers  collected  on  a  fai'iu.  or 
r)4  per  cent  were  found  to  liai'l)oi'  infective  ta])ew()rni  larvae. 
(Alicata) 
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Other  Parasltes  of  Chickens  in  Haw  aii 

In  addition  to  the  parasites  mentioned  above,  the  fo]hnvin<>' 
parasites  also  occur  in  chickens:  Roundworms:  Ascaiidiu  yalli, 
HetcraJH-s  gallina(\  GongyJonema  sp.,  and  Capillaria  sp. : 
Tapeworms:  Choaiiotaenia  inftmdibulmn^  RaiJlietina  tetra- 
(/oiia.  Raillieti)ia  eesticdlTus,  and  H t/menole pis  earioca;  Fhdve: 
B rachylaenivst  sp. ;  j^rotozoan  :  coecidia,  several  species;  arthro- 
pods: lice,  mites,  and  fleas.  (Alicata) 


I'AKASITES  OF  PIGS  AND  HORSES 


Two  important  parasites  of  the  j^ig,  namely,  the  kidney 
Avoi-iH.  Stephamnu-s  dcntatux  and  the  parasite,  T richindJa 
spiralis^  previously  unknoAvn  to  occur  in  these  islands,  have  re- 
cently been  observed.  The  kidney  worm,  which  damages  the 

liver  and  kidneys  of  hogs, 
has  been  noted  in  domestic 
swine  on  the  island  of 
Oahu,  and  reports  have 
l)een  received  of  its  occur- 
rence in  "wild"  pigs  on 
the  island  of  Hawaii. 

Trichinella  spiralis  has 
l)een  found  to  be  present 
in  the  muscle  of  "wild" 
l)igs  captured  on  the  is- 
land of  Hawaii.  There  is 
also  a  possibilit}'  that  it 
occurs  there  in  the  I'odent 
population. 

The  large  intestinal  roundworm,  Ascaris  suum,  is  one  of  the 
most  common  parasites  of  \)\g^  in  this  locality;  in  many  places 
where  pigs  are  raised  on  clean  concrete  floors,  the  incidence  of 
tliis  parasite  has  been  found  to  be  Ioav. 

The  most  common  animal  parasites  found  in  the  local 
horses  are  as  follows:  Stomach  parasites:  roundworms  {Hal)- 
Tonema  sp.  and  T richostrong ylus  sp.)  and  bots  (several  spe- 
cies). Intestinal  parasites :  Ascarids  (Pa  rosea /is  e  quo  rum)  ; 
the  large  strongyles  or  palisade  Avorms  {Strongylus  spp.)  ; 


Plate  10. — Inverted  intestine  (chicken) 
sliowing  tapeworms  Hymenolepis  exigua 
attached  to  the  inside  wall  (actual  size). 
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several  small  strongyles  or  cvlicostoiues ;  tapeworms  (2  spe- 
cies) ;  pinworms  {O.ryii i-i.<i  eqi/i).  (Alicata) 

LIVER  FIA  KE 

Surveys  Show  the  Liver  Fluke  to  be  Widespread 
IN  THE  Hawaiian  Islands 

Liver  fluke  infestation  in  cattle  was  first  reitorted  in  the 
Hawaiian  Islands  by  Lntz^  in  18!>2.  At  that  time  flukes  were 
reported  to  l)e  a  jnenace  on  the  islands  of  Oahu  and  Kauai; 
examination  of  the  cattle  slaughtered  at  Honolulu  revealed 
that  '^OS  calves  out  of  620  and  1,313  cattle  out  of  2.186  were 
infested  with  liver  fluke.  In  1905  Smith  and  Van  Dine^,  in  a 
report  covering  six  months"  kill,  showed  990  fluke  infested 
cattle  out  of  3,376  slaughtered  for  tlie  Honolulu  market.  In 
1934,  Riley',  formerly  of  the  Department  of  Zoology,  I^niver- 
sity  of  Hawaii,  estimated  that  75  per  cent  of  the  dairy  animals 
in  Hawaii  were  infested  with  liver  fluke  l)ut  the  incidence  of 
infestation  was  nuich  lower  in  beef  cattle.  In  1935,  Maurice  C. 
Hall,  chief  of  the  Zoological  Division,  U.  S.  Department  of 
Agriculture,  in  a  preliminary  survey,  noted  liver  fluke  on 
Oahu.  Kauai.  Maui,  and  Hawaii. 

Present  field  investigations  have  shown  that  of  the  islands 
investigated  Oahu  and  Kauai  show  the  most  numei'ous  infesta- 
tion in  cattle.  The  most  heavily  infested  areas  occur  on  the 
windward  coastal  regions  of  each  respective  island.  On  the 
island  of  Hawaii  the  fluke-infested  areas  are  principally  in  the 
vicinity  of  Hilo  among  dairy  cattle.  The  island  of  Maui  has 
a  few  scattered  areas  around  the  Wailuku  district  and  on  the 
coastal  regions  from  AVaikamoi  to  Kii)ahulu  with  one  small 
area  at  Lahaimi.  Molokai  has  not  been  investigated  but  packing 
house  reports  as  indicated  in  Table  21  show  liver  fluke  infesta- 
tion in  cattle.  Cattle  in  Xiihau  and  Lanai  have  been  found  not 
fluke-infested  and  offer  no  problem  due  to  the  type  of  agricnl- 
tui'e  and  lack  of  rainfall.  (Swanson) 


^Lutz,  A. — Biennial  report  of  the  Pre.sident  of  the  Board  of  Health  to  the  Legis- 
lative Assembly,  Session  of  1892,  p.  24. 

=Smith,  J.  G.  and  Van  Dine.  D.  H.,  "The  Common  Liver  Fluke  in  Hawaii,"  Ha- 
waiian Agricultural  Experimental  Press  (1!)05),  No.  11,  pp.  1-7, 

'Riley,  M.  K.   Mimeographed  article  on  file  at  this  Station. 
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Slaughter  House  Reports  of  Beef  Cattle 

The  following  table  gives  the  percentage  of  fluke  infesta- 
tion of  beef  cattle  slaughtered  in  Honolulu  during  the  year 
of  1935 : 

Table  21 — Proportion  of  fluke  infestation  of  beef  cattle 
slaughtered  in  Honolulu  during  1935. 


Island 

Animals 
killed 

Animals 

Fluke 
Infested 

Animals 

Not 
Infested 

Proportion 
of 

Infestation 

per  cent 

Hawaii  

559 

23 

536 

4.1 

Molokai  

153 

81 

72 

52.3 

Oahu  -  

641 

456 

185 

71.1 

Total  

1,353 

560 

793 

41.4 

Water  Buffaloes  and  Horses  also  Found  Infested  with  Liver  Fluke 

In  addition  to  cattle,  water  buifaloes  have  been  found  in- 
fested Avith  liver  flukes.  Local  veterinarians  have  also  reported 
liver  infestation  in  horses. 

Several  sheep,  goats,  and  deer,  which  could  become  infested 
with  liver  flukes,  have  been  examined  and  found  negative. 
Since  these  animals  do  not  usually  range  in  fluke  infested 
areas,  they  are  probably  of  little  importance  as  liver  fluke 
carriers,  xidditional  study  of  wild  animals  in  the  upper  areas 
of  forest  reserves  is  important  inasmuch  as,  if  infested,  they 
may  contaminate  the  water  which  eventually  reaches  the 
loAver  areas  where  cattle  range. 

Methods  Used  for  Control  of  the  Liver  Fluke 

Eradication  of  the  liver  fluke  is  usually  best  accomplished 
by  eliminating  the  snail  which  serves  as  the  intermediate  host. 
The  following  are  known  facts  about  snails : 

Snails  do  not  thrive  in  brackish  water  or  extremes 
of  acidity  or  alkalinity. 

Snails  do  not  usually  appear  in  swift  running  rocky 
streams  nor  in  high  mountain  streams  possibly  due  to 
acidity  from  mountain  ferns  and  the  rapid  flushing  of 
the  sti-eams. 

Snails  prefer  shalloAv,  slow-running  or  standing- 
water  with  a  mai'ked  preference  for  mud. 
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From  experiences  with  liver  fluke  control  methods  on  the 
mainland,  the  following  procedures  have  i:)roved  a  satisfactory 
means  of  control  but  will  have  to  be  altered  according  to  con- 
ditions prevailing  in  the  islands. 

1.  Dva'mage  and  fencing  foUowed  with  copper  sulphate- 
treatment  of  waters. 

Drainage  is  preferred  and  otters  the  most  i^ermanent 
control  but  has  its  drawbacks  in  these  islands  as  (a)  the  ex- 
l)ense  involved  as  compared  to  the  benefits  received  does  not 
always  compensate  for  this  procedure;  (b)  some  areas  cannot 
be  drained  due  to  the  fact  that  they  serve  as  reservoirs  for 
water  which  is  necessary  for  cane  i:)lantations.  The  sugar  in- 
dustry is  first  in  consideration  to  the  plantations;  (c)  some 
areas  cannot  be  drained  due  to  the  lack  of  sufficient  fall  to  the 
sea. 

Fencing  of  large  ponds,  reservoirs,  or  swampy  areas  which 
cannot  be  drained  aii'ords  the  best  means  of  control.  Its  dis- 
advantages are  that  it  removes  from  grazing  the  most  produc- 
tive lands  and  remains  as  a  constant  source  of  infestation. 

2.  Treating  water  troughs 

Leakage  from  water  troughs  produces  muddy  areas 
which  may  harbor  snails.  Treating  water  troughs  with  copper 
sulphate  is  to  be  recommended.  Using  automatic  water  cups 
or  providing  the  water  troughs  with  automatic  floats  will  aid 
materially  in  the  prevention  of  leakage. 

3.  Filling 

Low  swales,  holes,  etc.,  may  be  eliminated  by  hauling 
in  rocks  and  diil  or  by  plowing  and  scraping  in  the  surround- 
ing earthier  materials,  leveling  same  with  the  contour  of  land. 

4.  Use  of  drugs 

Results  of  other  workers  on  the  mainland  have  shown 
carbon  tetrachloride  to  be  very  efficacious  in  ti'eating  infested 
sheei).  l)ut  cattle,  especially  dairy  cows  in  milk  production,  do 
not  generally  tolerate  the  drug  even  in  small  doses. 

5.  Use  of  fl ul'c-f ree  grass 

Where  cut  green  forage  is  fed  to  animals,  it  is  impera- 
tive that  it  ])e  from  liver  fluke-free  areas.  The  practice  of  local 
dairymen  of  feeding  panicum  {Fanicuni  purpurascens)  and 
honohono  {Commelina  nudi flora)  cut  from  along  streams  and 
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swampy  areas  should  be  discontinued  since  it  may  be  infested 
with  liver  flul^e  cysts.  (Swanson) 

Field  Experiments  Now  in  Progress 

Two  cooperative  experiments  have  been  begun  with  dairy- 
men on  Oahu  to  determine  the  feasibility  of  the  drainage  me- 
thod of  fluke  control.  The  pastures  were  first  surveyed  and 
ditches  so  placed  that  the  swampy  areas  would  drain.  One 
experiment  required  6,000  feet  of  ditch.  In  the  other,  filling 
in  some  swales  was  likewise  necessary. 

After  drainage  operations  are  completed,  the  area  Avill  be 
treated  Avith  copper  suljihate.  Fluke-free  calves  will  be  con- 
fined in  the  pasture  for  a  period  of  60  days  and  subsequently 
slaughtered  to  determine  if  all  sources  of  infestation  have  been 
removed.  (Swanson) 

Species  of  Liver  Fluke  Found  in  Hawaii 

Lutz.  in  1892,  reported  Fasciola  hepatica  as  the  common 
fluke  occurring  in  Hawaii.  Eecently,  a  group  of  liver  flukes 
recovered  from  livers  of  cattle  wei'e  submitted  to  the  Bu- 
reau of  Animal  Industry,  Washington,  D.  C.^  for  identification 
and  found  to  be  Fasciola  gigantica.  This  fluke  is  the  only 
species  thus  far  found  and  whether  or  not  F.  hepatica  occur  in 
these  islands  remains  to  be  determined.  Fasciola  gigantica  has 
not  been  previously  reported  from  the  Hawaiian  Islands;  it  is 
known  to  occur  mainly  in  Africa,  India,  and  the  Orient.  This 
si^ecies  is  knoMn  to  have  the  same  deleterious  effect  on  cattle 
as  that  of  F.  hepatica.  ( Alicata,  Swanson) 

The  Life  History  of  the  Liver  Fluke.  Fasciola  Hepatica 

The  life  history  of  the  liver  fluke  in  Hawaii  has  been  found 
to  be  as  follows :  the  aclmlt  fluke  varies  from  1  to  2  inches  in 
length  and  is  found  in  the  bile  ducts  of  the  liver.  The  eggs 
deposited  by  the  adult  parasites  pass  Avith  the  bile  into  the 
intestine  and  eventually  out  Avith  the  manure.  If  the  eggs  reach 
watei',  a  tiny  larva  knoAvn  as  rniracidium  developes  in  each  of 
the  eggs.  At  room  temperatures  of  78  to  82°  F.  in  Honolulu, 
the  niiracidia  liaA^e  been  found  to  escape  from  the  eggs  in  14 
to  15  days.  The  miracidia  being  set  free  in  the  Avater  SAvim 


^Courtesy  of  Dr.  AV.  E.  Price  and  Mr.  A,  Mcintosh. 
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about  ill  searrli  of  the  fresh  wiiter  snails  known  as  lyiiiiiaeicls. 
These  snails  are  about  I/4  to  I/2  inch  in  length.  When  the  niira- 
eidiiiin  Hnds  the  snail  it  burrows  into  the  snail  body  and  devel- 
ops into  a  sporoci/sf  which  later  forms  many  rcdiac.  These 
rediae  aj^ain  <>ive  birth  to  a  o-eneration  of  dniK/Jitcr  rcd'/ne.  The 
latter  g'ive  rise  to  cc n-n i-'kic  which  eventually  escape  out  of  the 
snail  and  encyst  011  ve<)etation  of  any  kind.  Under  experi- 
mental conditions  at  a  temperature  of  about  73  to  75°  F.,  55 
days  have  been  found  to  elajjse  from  the  time  the  snails  were 
infested  with  liver  fluke  miracidia  to  the  time  cercariae  were 
liberated  from  the  snails.  This  period  probably  varies  with  the 
temi)erature.  The  number  of  cercariae  which  are  liberated 
from  a  single  snail  varies  possibly  with  the  number  of  mira- 
cidia that  have  entered  the  snail.  In  one  particular  instance, 
one  snail  collected  in  a  flukey  pasture,  liberated  during  the 
period  of  three  weeks  762  cercariae.  The  cercariae  which  encyst 
on  the  vegetation  probably  remain  alive  for  many  months  and 
are  infectious  if  ingested  by  cattle  or  other  susceptible  animals. 

The  snail  which  has  been  found  to  serve  as  intermediate 
host  for  liver  flukes  in  Hawaii  is  Fossaria  o77u7a,^  a  snail  which 
had  not  been  previously  reported  as  a  liver  fluke  carrier.  This 
snail  is  very  closely  related  to  other  snails  known  to  carry 
liver  flukes  in  other  parts  of  the  world.  Snails  have  been 
collected  from  the  other  Hawaiian  Islands  but  have  as  yet  not 
been  identified.   ( Alicata) 

Silage  as  a  Possible  Means  of  Killing  Liver  Fluke 
Larvae  Encysted  on  Grass 

Preliminary  laboratory  experiments  involving  the  making 
of  silage  from  honohono  and  panicum  grasses  in  50-gallon  bar- 
rels have  shown  this  method  to  be  efl'ective  in  destroying  the 
vitality  of  the  cercariae  encysted  on  grasses.  CTiiiiiea  pigs  did 
not  become  infested  with  liver  flukes  as  a  result  of  feeding  sev- 
eral liunch'ed  cysts  recovered  from  silage  three  months  old. 
(Alicata) 


^This  identif  icat' .m  was  made  through  the  courtesy  of  Di'.  J,  E.  Morrison  and 
Dr.  Paul  Bartsch  of  the  United  States  National  Jluspum.  Washington.  D.  C,  from 
a  group  of  over  5.000  snails  'which  have  been  collect' d  in  flukey  pastures  on  the 
island  of  Oahu. 
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EODENT  CONTROL 

During  the  seven  months  that  the  Rat  Abatement  Cam- 
paign program  has  been  in  operation  the  following  list  of 
studies  were  inaugurated  as  time  permitted,  and  are  being  con- 
tinued on  into  the  coming  fiscal  year : 

Development  and  trial  of  100  new  poison  rat  bait  formulas. 

Selection  of  atti'active  food  materials  for  poisoned  bait 
preparations. 

Bait  preparation  trials  in  the  laboratory  to  ascertain  the 
preference  of  rats  and  mice. 

Lethal  dose  studies  to  determine  the  amount  of  poison  nec- 
essary to  kill  rats,  mice,  and  mongoose. 

Development  and  trial  of  a  number  of  new  types  of  live 
rat  traps  for  collecting  animals  for  laboratory  experiments. 

Study  of  rat  infestation  and  damage  in  and  about  the  Ha- 
waiian Macadamia  Nut  plantation. 

Life  habit  studies. 
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Figure  4. — Relative  effectiveness  of  different  poison  bait  types  in  rodent 
control.  Sausage  baits  contained  hamburger,  bacon,  bacon  rind,  salt  pork  and 
blood  singly  and  in  various  combinations.  Capsule  baits  contained  wheat, 
barley  or  oats.  Pellet  baits  contained  breakfast  rolled  oats.  Torpedo  baits 
contained  wheat  or  barley.  Dipped  torpedo  baits  —  Torpedo  baits  dipped  in 
paraffin,  corn  oil,  linseed  oil  or  a  nut  oil. 
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New  Poison  Baits  AIokk  Efficient  Than  Those  Formerly  Used 

Tlirou<>-li  the  al)<)\e-iiientioned  studies  the  research  staff'  of 
tlie  ITouohihi  hihoratoiT  lias  learned  soinetliin<>-  of  tlie  difficul- 
ties and  I'easons  for  the  low  efficiency  of  the  ])ois<)ned  <>rain  and 
other  baits  used  by  various  agencies  in  the  conti'ol  of  rats  in  the 
cultivated  fields  in  past  years.  The  toxicity  of  the  bait  |)ut 
in  torpedo  form  was  too  low  to  always  give  the  desired  kill, 
and  the  atti-activeness  of  the  bait  package  was  not  sufficient  to 
entice  tlie  rats  to  eat  a  lethal  dose.  Sul)stituting  more  prefer- 
able l)ait  materials  and  a  more  enticing  l>ait  package  inuiiedi- 
ately  increased  the  acce])tance  and  efficiency  of  the  poison.  Fig- 
ure 4  shows  the  difference  in  acceptance  of  vai'ious  types  of 
bait  (lui  ingthe  period  January  1  to  July  31,  193B.  The  figures 
given  for  each  island  represent  the  average  of  all  foi-ms  of  food 
material  used  in  each  bait  type. 

As  the  sausage  type  of  bait  containing  some  kind  of  animal 
tissue  as  food  material  appeared  much  sui)eri<)r  to  the  com- 
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Fig^ure  5. — Relative  effectiveness  of  different  food  naaterials  atid  iiuisnn.s 
in  rodent  control.  All  baits  were  of  the  sausage  type.  The  poison  u.-^t-d  ate 
designated  in  the  figure  as  follows:  T — Thallium  sulphate  ;  A — A i  .sen ir  I  ri- 
oxide;  P — Zinc  phosphide. 
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luonly  used  torpedo  type  containing  wheat  or  other  cereal, 
various  kinds  and  combinations  of  animal  material  were  pre- 
pared in  sausage  form  and  subjected  to  extensive  trial  in  the 
tield. 

Figui'e  5  gives  a  comprehensive  picture  of  the  acceptance  of 
five  difi'erent  types  of  sausage  bait  and  three  kinds  of  poison 
on  the  six  larger  islands  of  the  territory.  (Garlough,  Spencer, 
Jordan) 

Field  Operations 

To  cope  with  the  extensive  rat  problem  in  the  territory, 
research  and  ojierational  units  of  the  rat  campaign  j^i'oject 
with  headquarters  at  the  Hawaii  Experiment  Station  in  Hono- 
lulu have  been  established  in  the  Hamakua  and  Kona  districts 
of  Hawaii  and  at  Lihue,  Kauai.  Cooperation  of  other  agencies 
on  Maui  and  Lanai  has  also  been  solicited  foi'  assistance  in 
investigation  of  control  measures. 

Trapping,  poisoning  with  gas,  and  land  clearing  have  been 
the  major  methods  applied  for  controlling  rats  in  the  territory. 


Plate  11. — The  four  species  of  rats  present  in  Hawaii.  1.  Rattus  hawaii- 
ensis.    2.  Rattus  alexandrinus.    3.  Rattus  rattus  rattus.     4.  Rattus  norvegicus. 
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In  Haniakua,  Hawaii,  tra2)i)ing  operations  are  carried  on 
by  tlie  Territorial  Board  of  Health.  Land  clearing-  for  rat  con- 
trol is  being  exercised  on  Maui  for  plague  control  by  the  U.  S. 
Public  Health  Service.  Poison  bait  is  being  distributed  as  a 
separate  control  measure  as  well  as  in  conjunction  with  the 
above-mentioned  methods  over  the  territory. 

The  following  talkie  gives  a  condensed  sunnnary  of  the  pro- 
duction and  shipment  of  poisoned  rat  bait  from  the  Eat  Abate- 
ment Laboratory  in  Honolulu  for  researcli  and  control  opera- 
tions over  the  territory  for  the  quarter  April  1  to  June  30, 
1936.  Shipments  prior  to  this  were  in  small  quantities. 
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EEPORT  OF  THE  SUBSTATIOXS 

KONA  SUBSTATKIX 

The  supt'iiiilcndent  lias  been  i'esponsil)le  for  the  main- 
tenance and  expansion  of  the  work  on  the  Substation  grounds, 
has  supervised  the  cooperative  fiekl  experiments  conducted  by 
the  Station  witli  various  groAvers  in  Kona  and  the  AVaimea 
District,  and  has  assisted  departments  of  the  Station,  the  U.  S. 
Bureau  of  Entomology  and  Plant  Quarantine,  and  others  in 
making  contacts  and  securing  planting  material,  fruit  fly  para- 
sites, and  the  like. 

The  experimental  work  at  the  Kona  Substation  may  be 
divided  into  thi-ee  classes:  (1)  cultural  requirements  of  tropical 
fruits  and  nuts;  (2)  investigations  of  the  best  methods  of  pro- 
])agating  tropical  fruits  and  nuts;  and  (3)  study  of  coffee, 
fruit,  and  ]iut  vai'ieties. 

M((vad<iiii/<i  nut.  Early  attempts  to  graft  macadamia  seed- 
lings one  to  two  years  old  gave  poor  results  when  the  seedlings 
wei'e  grown  in  one-gallon  cans.  During  the  past  year  it  has 
been  found  that  when  the  seedlings  were  grown  in  the  field 
nursery.  SO  [)ei'  cent  of  the  grafts  were  successful.  Grafter 
macadamia  trees  have  fruited  20  months  after  grafting,  where- 
as the  seedlings  were  four  to  six  years  of  age  liefore  they  l)egan 
to  bear.  The  Sugar  Processing  Tax  Funds  have  made  possible 
a  considerable  ex2)ansion  in  the  Station's  work  on  selection, 
vegetative  propagation,  and  cultural  metliods.  Kecently  over 
.■")()  i)()unds  of  macadamia  nuts  we:e  planted  and  these  have 
already  started  to  germinate.  There  were  also  over  5(1(1  rough 
nut  seedlings  grafted,  using  three  methods,  namely,  Avedge 
graft  with  to])s  on.  wedge  graft  with  tops  oti'.  and  bench  graft- 
ing. Tliree  top-working  expei'iiiients  containing  .■■)(l  trees  each 
were  also  laid  out.  Twenty-one  trees  in  each  of  these  plots  have 
already  l)een  grafted  using  cleft,  wedge,  and  bark  giafts. 

Coffee.  Coopci  at  i  ve  field  experiments  aiv  l>eiiig  continued 
with  cotfee  groweis.  These  comprise  three  fe/tilizer  ex])ein- 
ments.  two  ])runing  experiments,  and  one  experiment  to  deter- 
mine the  cause  and  methods  of  conti'ol  of  coti'ee  dieback.  Ke- 
cently a  luimix'i'  of  farmers  liave  ado[)ted  a  fertilizer  foniuda 
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based  on  the  results  of  the  Kainaliu  fertilizer  experiment  of 
the  fonnula  8  per  cent  nitrogen,  5  per  cent  phosphoric  acid, 
and  3  per  cent  potash  and  have  obtained  good  results. 

A  beginning  was  made  in  the  selection  of  superior  coifee 
strains,  the  study  of  the  possibilities  of  vegetable  propagation 
of  coffee,  and  the  suitability  of  different  varieties  for  root 
stocks.  Thei'e  are  now  growing  at  the  Station  45  Margogipe 
seedlings,  70  Guatemalan,  38  Hawaiian,  21  Columnaris,  3  Li- 
berian,  and  3  Excelsia  as  permanent  trees.  Aside  from  these 
there  are  5,000  Guatemalan  seedings,  75  Liberian,  20  Column- 
aris, 150  Robusta,  and  10  Hawaiian  to  serve  as  root  stocks  for 
our  grafting  work. 

Fruit  trees  and  vines.  The  following  citrus  varieties  are 
now  growing  in  the  Station  orchard :  Mexican  lime,  Tahitian 
lime,  Italian  citron,  Ponderosa  lemon,  Siamese  pomelo.  Sweet 
Shaddock,  and  Wilder  oranges.  These  are  doing  nicely  and 
more  trees  of  other  varieties  will  be  added  to  the  orchard. 
Much  interest  in  citrus  growing,  particularly  limes  and  grape- 
fruits, is  being  shown  in  the  Territory,  due  to  the  excellent 
quality  and  good  demand  for  the  locally  groAvn  fruits. 

The  following  varieties  of  avocado  are  now  growing  at  the 
Station :  Nabals,  Linda.  Roy,  Bearclslee,  Sexton,  Ilialu,  Benik, 
MacDonald,  Kaguah,  Haley,  Fuerte,  Dry,  and  Lewis.  At  the 
present  time,  nine  trees  have  come  into  bearing.  Conditions  in 
Kona  aj)pear  to  be  ideal  for  growing  avocados.  Even  at  the 
4,000  foot  elevation  Avhere  avocados  were  planted  several  years 
ago  the  trees  have  done  well. 

Other  fruits  and  nuts  which  ai'e  growing  at  the  Station  are 
as  follows:  Cashew  Nut  {Anaeardium  occidentalis) ,  two  trees. 
The  flowei's  have  been  attacked  by  a  fungus  similar  to  the  one 
which  attacks  the  mango,  indicating  the  desirability  of  a  drier 
region  for  tlie  Cashew.  Sabucaia  {Lecythis  sahucaja),  valuable 
for  its  rich  edible  nut.  Breadfruit  {Artocarpus  incisa) ,  five 
Samoan  varieties  are  doing  well.  Passion  Fruit  {Passiflora 
edulis)  ^  the  purple  passion  fruit  makes  vegetative  growth  but 
requires  a  iiigh  trellis  for  good  fruiting.  Yellow  Passion  Fruit 
{Passiflora  edulis  forma  flaeicarpo) ,  this  variety  produced  a 
total  of  644  pounds  of  fruit  from  28  plants  at  the  Substation. 
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J^anzoiie  {Ltnisiu/n.  doiiii)iticu  in)  ^  a  rare  tree  in  Hawaii.  It 
made  very  slow  growth  the  first  few  years,  but  this  season  has 
grown  well.  Grapes,  30  varieties  were  under  trial.  The  Isabella 
was  the  only  variety  that  did  well  while  the  others  were  fail- 
ures. Litchi  [J/ifchi  chinensis) the  two  varieties,  San  Hing 
and  Haak-Ip,  are  now  growing.  Mites  are  a  serious  pest  and 
must  be  controlled  by  frequent  spraying.  Figs  {Fious  carica). 
There  are  two  varieties  of  figs,  the  Kadota  and  Black  Mission, 
now  growing  here.  They  have  done  very  well,  and  many  cut- 
tings were  obtained  from  these  trees  for  distribution  this  sea- 
son. Cherimoya  (Annona  cherimola) .  There  are  four  varieties 
at  the  Station  and  all  are  doing  well.  (Pahau) 

HALEAKALA  SUBSTATION 

Mr.  H.  F.  Willey  resigned  as  superintendant  of  the  Hale- 
akala  Substation,  December  31,  1935.  His  successor,  Mr.  Robert 
Lyman,  was  appointed  eft'ective  July  1,  1936.  Work  on  active 
projects  has  been  restricted  largely  to  potato  variety  trials  and 
to  maintenance  of  the  permanent  grass  j)lots  and  trees.  Flans 
were  developed  for  numerous  changes  in  the  physical  lay  out. 
The  windbreak  and  road  system  are  to  be  changed  to  provide 
rectangular  i)l()ts,  more  desiral^le  for  experimental  purposes. 
Using  AVPA  labor,  a  road  was  partially  built  across  the  large 
gulch,  thus  coniiecting  the  12  acre  west  section  with  the  main 
l)art  of  the  Sulwtation  grounds.  Arrangements  were  completed 
for  the  piping  of  irrigation  water  to  certain  of  the  plats  to  be 
used  for  truck  crop  investigations.  Cooperation  was  initiated 
with  the  Pineapple  Producers  Cooperative  Association,  where- 
by certain  plots  and  facilities  will  be  made  available  for  pine- 
apple experiments. 

PUBLICATIONS 

STATION  BULLETINS 

No.  7-1 — 7'h('  Edihle  Passion  Fruit  in  Hawaii  by  W.  T. 
Pope.  21  pages.  A  general  tretrtise  which  gives  the 
botanical  relationships  and  describes  the  most  im- 
portant species  of  Passitlora  tried  locally  .  The 
cultural  methods  treat  of  selection  of  site,  propaga- 
tion, use  of  trellises,  fertilization  and  pruning.  The 
numerous  uses  of  the  passion  fruit  juice  are  listed. 
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No.  76 — Factors  Affecting  the  Chemical  Composition  of 
Pasture  Grasses,  by  D.  W.  Ethvards  and  R.  A. 
Goff.  31  pages.  A  technical  bulletin  giving  the  re- 
sults of  an  investigation  on  Parker  Ranch,  Island 
of  HaAvaii.  A  series  of  grasses  groAvn  under  widely 
dilterent  climatic  conditions  was  harvested  at  bi- 
monthly intervals.  Chemical  analyses  of  certain 
mineral  constituents  show  the  etfect  of  species,  sea- 
son and  location  on  mineral  compostion. 

No.  77 — Some  Fruits  of  Hawaii,  Their  Composition,  Nutri- 
tive Value  and  Use,  by  Carey  D.  Miller,  Katherine 
Bazore.  and  Ruth  C.  Robbins.  133  pages.  A  gen- 
eral bulletin,  giving  technical  and  non-technical 
information  regarding  24  of  the  most  important 
and  widely  used  fruits  in  Hawaii.  The  non-techni- 
cal information  includes  descriptions,  pictures, 
uses,  and  recipes.  The  technical  j^hases  include 
vitamin  and  chemical  analyses,  numerous  tables 
arranging  the  chemical  data  for  use  in  dietary  cal- 
culation. 

Annual  Report  of  the  Station  for  1935,  by  J.  M.  Westgate. 
28  pages. 
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Bilger,  Earl  M.  and  Hibbert,  Hai'old  —  '■'■Mechanism  of 
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pp.  823-826. 

Henke,  L.  A. — '■'■Results  of  Feeding  Sprouted  Oats  to  Cor- 
rect Sterility  in  Cattle  and  Sioine.'''  J  our.  Ac/r.  Res., 
vol.  51  (1935)  pp.  51-61. 

Henke,  L.  A. — "/s  Fecundity  in  Swine  Inherited?''  Jour,  of 
Heredity,  vol.  26  (1935)  pp.  455-456. 

Henke.  L.  A. — '•'■Possibilities  of  Enlarging  and  Improving 
Our  Beef  Indxistry  ' in  Ilaaoaii.''''  Proceedings  of  the 
55th  Annual  Meeting,  Hawaiian  Sugar  Planters' 
Association  (1935)  pp.  110-116. 

Magistad,  O.  C.  and  Farden,  C.  A.  and  Baldwin,  W.  A. — 
'^Bagasse  and  Paper  Mulches,'"  Jour.  Amer.  Soc. 
Agron.,  vol.  27,  No.  10  (1935)  pp.  813-825. 

Wilsie,  C.  P. — ^'■Seed  Production  Studies  xoith  Legumes  in 
HaxoaiiP  Jour.  Amer.  Soc.  Agron.,  vol.  27,  No.  10 
(1935)  pp.  784-790. 


